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REPORTS SUBMITTED TO INTERNATIONAL 
ROAD CONGRESS BY REPORTERS FOR 
ieee NEE DE STATES 

HE EIGHTH CONGRESS of the Permanent 
International Association of Road Congresses con- 
vened at The Hague, Netherlands, on Monday, 

June 20, 1938 and closed on Saturday, June 25, 1938. 
Papers written by reporters for the United States dealt 
with the following subjects in the agenda of the Congress 

FIRST SECTION (CONSTRUCTION AND MAINTENANCE) 

First topic: 
Progress accomplished, since the Congress at Munich, 

in the use of— 
a. Cement on road surfaces. 
b. Brick surfaces. 

Second topic: 
Progress accomplished, since the Congress at Munich, 

in the preparation and use on roads of 
sen Lar: 
b. Asphalt. 
ce. Emulsions. 

SECOND SECTION (TRAFFIC, IMPROVEMENT, AND 
ADMINISTRATION) 

Third topic: 
Accidents on the road. 

a. Bases of statistics and their unification. 
b. Determination of causes of accidents, 

means for diminishing them. 
Fourth topic: 

Segregation, on the route, 

and 

of the different means of 

transportation: Roads (one and two lanes), bicycle 
tracks, footpaths, parking spaces and exit roads, 
crossings and crossroads. 

a. Study of the circumstances under which these 
should be recommended or advised against. 

b. Application to automobile routes. 

FIRST AND SECOND SECTIONS (COMBINED) 

Fifth topic: 
Study and standard of quality of a road surface from 

the viewpoint of— 
a. Its slipperiness or ruggedness, and its resis- 

tance to skidding. 
b. Its property of reflecting or absorbing light 

(under artificial lighting). 
Sixth topic: 

Study of road subsoils: 
a. Determination of properties of subsoils, test- 

ing methods, equipment. 
b. Influence of these properties on road con- 

struction (base and surface) and on road 
maintenance. 

Reports submitted to the Congress by reporters for 
the United States will be published i in Pusuic Roaps. 
Papers dealing with the first and second topics are 
presented in this issue. The July issue will contain 
papers dealing with the third and fourth topics, and the 
August issue will contain papers dealing with the fifth 
and sixth topics. 

PROGRESS IN THE USE OF CEMENT IN ROAD SURFACES 

Reported by V. L. GLOVER, Engineer of Materials, Division of Highways, Illinois Department of Public Works and Buildings; Principal Reporter 

I. CONCRETE PAVEMENT 

Introduction.—The advancement in concrete pave- 
ment technique, as a rule, is gradual. New ideas, 
whether they pertain to design of pavements, mate- 
rials, construction methods, or equipment, frequently 
must pass through an extended period of development 
before they become generally accepted. In the follow- 
ing are included only those which appear promising or 
have gained general acceptance during the last few 
years. 

Subgrade.—More attention than ever before is being 
given to the selection and compaction of soils to pre- 
vent subsidence of fill material under pavement slabs. 
In some instances, unsatisfactory subgrade materials 
are removed and replaced with satisfactory materials. 
Compaction at the optimum moisture content of the 
soil by the ‘Proctor Method” is rapidly gaining favor. 
The sheepsfoot roller is rapidly becoming the accepted 
type of mechanical equipment for use in compacting 
embankments. 

Where subgrade soils change volume appreciably 
from absorbed moisture, it has been found that detri- 
mental distortion of the pavement can be prevented 

1 Engineering News-Record, August 31 and September 7, 21, and 28, 1933. 

68199—38——1 

by controlling the moisture content and density of the 
soil ahead of the paving. The moisture content and 
density desired are approximately equal to the optimum 
moisture content and maximum density as obtained by 
the Proctor Method and may be determined by swell 
tests on soil pats for any soil on a specified project. 

Mechanical equipment for cutting and shaping the 
subgrade has been improved and is coming into in- 
creasing use. Machines have been developed which 
can cut to a depth of from 3 to 5 inches and move the 
excavated material by belt conveyors to the shoulders. 
In some instances the conveyors are designed to permit 
the load‘ng of excavated material directly into trucks. 

- Side forms.—Because of the increased weight of 
finishing and subgrade equipment operating on the 
side forms, there has been a decided tendency toward 
the use of heavier forms. The prevailing practice 
requires a minimum base width of 8 inches for forms 
which are 8 inches or more in height, and there is a 
tendency to specify a base width at least equal to the 
height of the form. Power-driven machines known as 
form graders, designed to cut a true subgrade on which 
to set the forms and so give them better and more 
uniform support, are In common use, and mechanical 

53 
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Figure 1.—Tyricat 4-LAnE CONCRETE PAVEMENT. 

equipment for tamping soil under the forms has been 
successfully employed. 

Pavement cross section.—The thickened-edge pave- 
ment design is generally used. The increase in thick- 
ness of the edges is usually accomplished in a uniform 
slope from the center thickness to the edge thickness 
in the outer 2 to 4 feet of the cross section. Occasion- 
ally the edges are of a uniform thickness over the outer 
1 or 2 feet of the cross section and the edge thickness is 
reduced in a uniform slope to meet the center thickness 
at from 3 to 4 feet from the edges. 

There is a marked tendency toward the selection of 
a pavement design for any given project on the basis of 
traffic requirements, taking into consideration the 
volume and weight of traffic loads and the condition of 
the subgrade. Where, in the past, only one standard 
pavement design was used, regardless of frequency and 
weight of wheel loads, two or more standard designs 
are often employed to suit the different traffic and sub- 
grade conditions encountered. For normal heavily 
traveled rural highways common practice supplies a 
section 9 inches thick at the edges and 6 inches thick at 
the center, for heavy-duty pavements 10 inches at the 
edges and 7 inches at the center. Where the subgrade 
has high supporting value and traffic is fairly heavy 
8 inches at the edges and 5' inches at the center may 
be used, but in no case are sections less than 7 inches 
at the edges and 5 inches at the center permitted. 

Of the methods available for computing stresses to 
determine the required cross section for given traffic 
loads and subgrade conditions, the mathematical analy- 
sis developed by Dr. H. M. Westergaard, Dean of the 
Graduate School of Engineering, Harvard University,” 
is undoubtedly the most adaptable to the variable con- 
ditions encountered. With proper selections of con- 
stants, and taking into account that wheel loads are 

* PuBLIC Roaps, Vol. 7, No. 2, April 1926; and Vol. 14, No. 10, December 1933. 

dynamic forces, stresses may be reliably calculated by 
this method, which, however, like others available, does 
not apply directly to the calculation of stresses in thick- 
ened-edge designs. 
By comparing section moduli of the most heavily 

stressed section of the pavement corners of thickened- 
edge designs with those of the corners of pavements of 
uniform thickness, an approximately ‘equivalent uni- 
form thickness” may be determined for corners of any 
thickened-edge design, and Dr. Westergaard’s method 
may then be applied. Similar procedure cannot be 
followed in the case of an unbroken edge of a thickened- 
edge pavement. Dr. Westergaard’s method applies 
directly to the design of the interior thickness. In 
pavements where adjacent corners are mutually sup- 
ported by dowels or other devices, and where increased 
edge thickness is obtained in the outer 2 feet, a fairly 
balanced design is obtained, as far as load stresses are 
concerned, when the center thickness is about two- 
thirds of the edge thickness. 

An empirical method of determining the ‘equivalent 
uniform thickness”’ of corners of thickened-edge designs 
was developed by Frank T. Sheets, Consulting Engi- 
neer, Portland Cement Association,’® who also suggests 
empirical formulas for design. 

A pavement design balanced as to load stresses alone 
is strictly sufficient only in case of very short slabs. 
Recent investigation * indicates that the value of the 
thickened edge from the standpoint of load stresses 
may be entirely nullified in long slabs by increased 
warping stresses, and that warping stresses become 
unimportant only in a very short slab length, possibly 
as short as 10 feet. Whether these facts will affect 
materially the trend in pavement design remains to be 
seen. 

’ Concrete Road Design, Simplified and Correlated with Traffic (3d Edition), 
published by the Portland Cement Association, Chicago, Ill. 

4 PUBLIC ROADS, Vol. 16, No. 10, December 1935. 
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FIGURE 2.—PLANT FOR PROPORTIONING SEPARATED SIZES OF CoARSE AGGREGATE, 

The width of traffic lanes is being increased from 9 
feet to as much as 12 feet because of the increase in 
speed of motor vehicles and the increase in width of the 
larger units. This additional width of lane may be 
expected to increase the capacity and add to the safety 
of the highways. 

Roadways of four or more lanes (see fig. 1) are often 
used, depending upon the volume of traffic. Division 
of the traffic streams by a medial zone is becoming more 
and more frequent where four or more traffic lanes are 
required. The width of the medial zone varies from a 
few feet to a maximum of 40 feet, depending upon the 
ost and ease of acquiring the right-of-way, construc- 

tion costs, and the location and character of the high- 
way. On special roads known as parkways, designed 
mainly for recreational use, greater widths are used, 
ranging up to 200 feet. 

Materials —Rigid adherence to high standards has 
materially raised the general level of the quality of 
aggregates furnished for concrete. The same is true of 
improvement in the uniformity of gradation, which has 
been advanced particularly by the. practice of shipping 
to the construction site coarse aggregates in two or more 
sizes and recombining them during the process of pro- 
portioning. (See fig. 2.) This practice, by reason of 
the fact that the relation between the amounts of the 
different sizes may be changed when occasion demands, 
provides also added opportunity for adjustment of the 
concrete mixture to obtain the most satisfactory results. 

The use of bulk cement has increased and satisfactory 
methods of handling and batching it have been devel- 
oped. Its use is in general preferred because of re- 
duced cost and because of the fact that the size of the 
batch is readily adjusted to the full capacity of the 

mixer without added labor, as would be necessary in 
weighing out fractional sacks where sacked cement is 
used. 

There is a growing tendency to demand cements 
manufactured under restricted specifications to suit 
certain needs. Much uncertainty exists in regard to 
the necessity of controlling the composition of portland 
cement to improve durability, but it is the opinion of 
many that this property has been overlooked to some 
degree in the desire to produce high strength. The 
effect of varying, through wide limits, the composition 
of cement has been investigated by ’several agencies, 
especially with reference to the effect on the resistance 
of concrete to freezing and thawing. However, no 
satisfactory answer to “this problem ‘has as yet been 
obtained. There is some inclination to limit the 
amount of tri-calcium aluminate in an effort to improve 
durability. 

Entirely distinct from disintegration due to frost 
action is a type of failure which takes the form of 
abnormal expansion of the concrete and which some- 
times does not develop until after several years of 
service. When this expansion is restrained, multiple 
cracking followed by ravelling and ultimate disin- 
tegration results. There is evidence indicating that 
this type of failure is due to so-called ‘delayed unsound- 
ness,” probably caused by hard-burned free lime or 
magnesia in the cement, the effect of which is not 
revealed in the standard soundness test. To guard 
against this type of failure, portland cement manu- 
facturers have recently adopted an “autoclave” test 
in which the constancy of volume of a standard bar of 
neat cement is observed in an atmosphere of steam at 
420° F. for 3 hours. 
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Proportions.— Because of the high strength of modern 
portland cements, a much higher concrete strength is 
now obtainable with a given cement content and water- 
cement ratio than was formerly possible. As, to insure 
maximum durability, it is necessary to hold the water- 
cement ratio within certain limits dependent upon 
exposure conditions, the application of the water- 
cement ratio to the design of mixtures is, under some 
conditions, limited. For instance, under the severe 
winter conditions of the northern part of the United 
States it is not considered good practice to use a water- 
cement ratio by volume exceeding 0.8 even though the 
strength of the resulting concrete may exceed the design 
requirements. For this reason the proportion of 
cement in concrete paving mixtures employed in the 
northern part of the country is seldom less than 6 sacks 
per cubic yard and is frequently higher. In the South, 
where favorable climatic conditions obtain, the cement 
content is frequently as low as 5.5 sacks per cubic yard 
and sometimes lower. 

Transverse joints.—Early in 1934 the United States 
Bureau of Public Roads required that expansion and 
contiaction joints should be used in all concrete pave- 
ments involving the expenditure of Federal funds. 
This has stimulated the general use of transverse joints. 
Previous to that time, many States omitted joints 
entirely or placed them at long intervals. 

The Federal Bureau requires that expansion joints 
not less than three-fourths inch wide be placed at inter- 
vals not exceeding 100 feet in length. In practice the 
spacing ranges from 40 to 100 feet. The Bureau also 
requires that contraction joints be placed between the 
expansion joints so that the transverse joint spacing 
shall not exceed 30 feet. In practice the transverse 
joint interval ranges from 10 to 30 feet, generally from 
20 to 30 feet. Such spacings are intended to form slab 
lengths sufficiently short to reduce transverse cracking 
materially. Only the shortest spacings, however, may 
be expected to relieve restraint against temperature 
warping at all points.‘ 

Types of joints and joint materials are manifold. 
The most common types of fillers for expansion joints 
used previous to 1933 were premolded bituminous felt 
and poured bituminous materials. Bituminous fillers 
have the fault of extruding during expansion of the 
pavement and causing a rough riding surface. Lacking 
resiliency, they also fail to return to the widening joint 
when the pavement contracts and so permit infiltration 
of inert material into the joints which renders them 
thereafter inoperative for expansion purposes. 

Recently various types of nonextruding joint fillers 
have been used. Among these are cork, rubber, wood 
or cane fiber, and granular materials such as sawdust 
and cottonseed hulls. These fillers eliminate the 
bumps due to extruded material, but they are dependent 
upon a proper sealing material to prevent infiltration of 
water and Inert material. A recent development is the 
air-cushion joint which is provided with a seal of thin 
sheet copper at the top and ends of the joint. These, 
however, have not been in use for a sufficient leneth of 
time to determine their merits definitely. It is recog- 
nized that the behavior of the various filler materials 
cannot be dissociated from the slab lengths with which 
they are used. Fillers that act poorly with long slabs 
perform much better when used with short slabs be- 
cause of smaller movements at the joint. 

4 PUBLIC ROADs, Vol. 16, No. 10, December 1935. 

The contraction joints used are generally of the 
weakened plane or the dummy types. The weakened- 
plane type is ordinarily formed by inserting a deformed 
or straight metal plate in the concrete for the full or 
part depth of the slab, causing the slab to crack. In 
some designs the metal plate is provided with a copper 
seal to prevent the infiltration of water and dirt. The 
dummy contraction joint usually consists of a groove 
1% to 3 inches in depth formed in the surface of the 
pavement. The groove is filled with either poured or 
premolded bituminous filler. 

At present it is believed that adequate provision for 
crack control and proper load transfer across joints will 
add to the service life of pavements and reduce mainte- 
nance costs, and it may be expected that this problem 
will receive serious study in the future. 

Longitudinal joints —The use of longitudinal joints 
at lane-width intervals has now become universal in the 
United States. Their use prevents practically all longi- 
tudinal cracking and reduces curling of the slabs. The 
usual practices employed in the formation of longitudi- 
nal joints are: (1) The deep cutting of the surface of 
the pavement to induce the formation of a crack; or 
(2) the insertion of deformed metal plates. Tie bars, 
generally \-inch rods extending about 1 foot into the 
pavement at each side of the joint at longitudinal 
intervals of 2} feet, serve to hold the sections together 
and insure load transfer across the joints. In some of 
the States of the United States each lane is now being 
built as an independent slab with both edges thickened. 

Load transmission-devices.—That a free edge in a 
pavement is structurally weak has been shown by 
theoretical analysis, investigation, and experience. 
Some means of strengthening the edges of slabs at trans- 
verse joints is therefore necessary in order to obtain a 
pavement of balanced design. This is necessary at 
contraction as well as expansion joints. In some in- 
stances this has been accomplished by the use of special 
reinforcement along the joints, or by thickening the 
ends of the slabs at the joints in the same manner as the 
outside edges are thickened. These methods have not 
in all instances been entirely successful and have never 
been used extensively in the United States. Load 
transfer devices, however, which provide mutual sup- 
port between adjacent slab ends have come into general 
use during the last few years. 

The most common load-transfer device is the dowel 
bar. These are usually of %-inch diameter, 24 inches 
long, and spaced from 12 to 15 inches along the joints. 
One-half the length of each dowel is painted and oiled 
to provide for slippage and a metal cap is placed around 
the end to form a space in which the dowel slips during 
movement of the pavement. Other shapes such as 
T-bars, angles, channels, flat plates, and pipes, have 
been used in place of dowel bars for expansion joints, 
because of their greater bearing area and greater stiff- 
ness for the same weight of metal. Recently a short 
dowel bar with close fitting metal sleeve which provides 
additional bearing area on the concrete has been de- 
veloped and used quite extensively with apparently 
good results. There are also many load-transfer 
devices on the market today. Some are designed as 
an integral part of the joint, and others can be used 
with any joint filler. 

Recent investigation ® seems to indicate that doweled 
transverse joints are effective in relieving stresses 
caused by expansion, contraction, and warping, but 

5 PUBLIC ROADS, vol. 17, No. 8, October 1936. 
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that they are not as effective as might be desired in 
relieving load stresses near the joint edge. Further 
investigation and tests are under way in many States 
which, together with observations of installations in 
service, should supply data on which definite conclu- 
sions can be based. 

Reinforcing—While there have been no recent out- 
standing developments in the use of reinforcing steel in 
concrete pavements, there is an increasing tendency 
toward the use of moderate amounts of distributed 
reinforcement; and there is a pronounced feeling that 
the possibilities of steel reinforcement have not been 
sufficiently explored. As used in the United States, 
the reinforcement is not designed to prevent either ten- 
sile or flexural cracking. The common practice employs 
a single layer of well-distributed reinforcement con- 
sisting of comparatively small members closely spaced 
to prevent the opening or widening of cracks. Large 
members, widely spaced, are not as effective for this 
purpose. The average usage employs from 50 to 55 
pounds of steel per 100 square feet and places it 2 
inches below the pavement surface, with members 
spaced not more than 12 inches apart longitudinally 
and traversely. 

Vibration.—In the placing of structural concrete 
there has been recently a rapid increase in the use of 
high-frequency mechanical vibration as an aid toward 
the production of stronger, denser, and more economical 
concrete than can be obtained by ordinary hand-placing 
methods. The progress in applying the same principle 
in the placing of pavement concrete has been slower, 
possibly because of the difficulty of designing vibratory 
equipment suitable for the purpose. 

The United States Bureau of Public Roads and 
several States, by constructing experimental sections 
of pavement with vibratory equipment, have contrib- 
uted most of the information that is available on the 
subject. Preliminary investigations, in which the 
proportions of materials, consistency of the mixture, 
and quality of the resulting concrete were given a 
thorough study, have been followed by investigations on 
regular contract sections to study the practicability 
of the method for general admission under specifications 
for concrete pavement construction. The results 
obtained show, in general, considerable advantage of 
the vibratory methods over the conventional methods. 

It has been fairly well established that concrete, 
unworkable by conventional means of placing, follows 
the same laws as concrete of consistencies employed 
with conventional finishing methods, when it is made 
plastic by vibration during the process of placing. In 
other words, vibration imparts no new property to the 
concrete and the water-cement and voids-cement ratio 
laws still hold good. 

From the standpoint of economy the advantages of 
vibration are established without doubt. Dry and 
harsh mixtures of from ! to l-inch slump, formed 
either by reducing the water-cement ratio or by using 
additional aggregate above that used with conventional 
methods, have been satisfactorily placed by use of the 
vibratory method. In either case it has been necessary 
to reduce the proportion of fine to coarse aggregate in 
order to obtain mixtures suitable for use with the 
vibratory equipment. ‘The increase in strength, ob- 
tained at no increase in cost of materials by lowering 
the water-cement ratio, has amounted to about 10 
percent. Reduction in the cost of the concrete, by 

6 PuBLIC Roaps, Vol. 18, No. 2, April 1937. 
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Se Caran. 

Fiaure 3.—FINisHina MacHINE witH VIBRATORS MoUNTED 
ON THE FRONT SCREED. 

saving from 10 to 15 percent of the cement, has been 
obtained without sacrifice in strength by increasing the 
amounts of the aggregates and maintaining the water- 
cement ratio employed with the conventional method. 
In addition, the vibrated concrete has been found to 
be more dense, less absorptive, and less honeycombed 
than that placed by conventional methods. 

The vibratory equipment used on regular contract 
sections has proved entirely practical. No mechanical 
difficulty of any consequence has been encountered. 
No increase in construction personnel has been neces- 
sary, because the additional labor required to spread 
the concrete has been offset by the elimination of the 
necessity of spading adjacent to the forms. No addi- 
tional equipment has been necessary. ‘The concrete 
has been consolidated satisfactorily around the trans- 
verse joints without damaging them, and the rate of 
progress has been at least as satisfactory as when 
conventional equipment and methods were used. 

The principles of both surface and internal vibration 
have been applied to placing concrete pavements, al- 
though up to the present time the former perhaps has 
been most used. The frequency of vibration in most 
instances is 3,600 impulses per minute or slightly more. 

Surface vibration has been accomplished by mount- 
ing vibrator units on the front screed of the finishing 
machine (see fig. 3) or by mounting them on a pan 
between the screeds and independent of the screeds. 
Both methods have given very good results. Another 
method adapts the principle of internal vibration by 

mounting vibrator units on a pipe suspended in the 
concrete ahead of the finishing machine. By still 
another, the vibratory action is applied through a shaft, 

with protruding pins, which is made to travel on the 
forms ahead of the finishing machine. These two latter 

methods are relatively untried at the present time. 
Other methods, such as an arrangement by which the 

concrete is vibrated as it passes through the throat of 
a hopper from which it is spread on the subgrade, are 
in the development stage. 

It is felt that the maximum advantages that may be 
had through the use of vibration have not yet been 

obtained. It should be possible to place and finish 
still drier and harsher mixtures and obtain concrete of 
still greater density and durability. To achieve this 

end it will be necessary to redesign other units of the 
production equipment to handle the material. This 

(Continued on page 71) 
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DEVELOPMENTS IN BRICK PAVEMENTS IN THE UNITED STATES 
Reported by JOHN JASTER, Jr., Director, Ohio State Highway Department, Principal Reporter; GEORGE F. SCHLESINGER, Engineer Director, National 

: Paving Gace Association; JOHN S. CRANDELL, Professor of Highway Engineering, University of Illinois; and ROY L. PHILLIPS, City Engineer, Meadville, 
Pa.! 

INTRODUCTION 

HE brick pavement structure as constructed in the 
United States, consists essentially of the three 
following component parts. The surface course is 

composed of rectangular vitrified clay units assembled 
in regular pattern with the joints or interstices com- 
pletely filled and sealed, binding the units together. 
The bed or cushion course, is a thin layer of granular 
material on which the paving brick units are laid and 
embedded and which will permit slight adjustments 
necessitated by irregularities in the foundation or by 
permissible variations in the depths of the brick. 
The base course or foundation, supports the bed and 
surface and distributes traffic loads to the subgrade. 

PAVING BRICK UNIT 

Manufacture—Paving brick are formed by what is 
known as the “stiff-mud”’ process of clay products 
manufacture. The shale or clay after being ground 
very fine is thoroughly mixed with water to the proper 
consistency. A powerful auger then forces the stiff 
mixture through a die on to a moving belt in the form 
of a column. This column is carried to the cutter where 
taut wires automatically cut it into brick units. In 
so-called vertical fiber paving brick the width and length 
are determined by the dimensions of the die and the 
depth by the spacing of the wires on the cutter. In the 
wire-cut-lug type the depth is the shorter dimension of 
the die and the lugs are formed by an eccentric motion 
given to the cutting wires. In this type the smooth or 
die side of the brick is in the surface of the pavement. 
When the brick are re-pressed before burning the 
surface is also smooth. 

Formerly the re-pressed and the wire-cut-lug types 
were in general use and their preference was in a large 
degree based on their having side lugs considered essen- 
tial for the proper filling and sealing of the joints. 
However, the manufacture of brick having a wire-cut 
wearing surface with lugs on the side and ends is now 
commercially practical and this type, known as vertical 
fiber lug, is now the most popular single variety in use 
in the United States. Regardless of the type of vitrified 
paving unit that may result from future developments it 
will undoubtedly have a roughened or deformed wearing 
surface of nonskid character. 

De-aired brick—Most paving brick plants are 
equipped with machinery for evacuating the air from 
the mixed clay or shale during the process of manufac- 
ture. De-airing with proper methods will produce a 
brick of greater strength and density and improved reg- 
ularity of shape. Glassy structure causing brittleness 
must be guarded against and accurate control in manu- 
facture is necessary in order to obtain the full advan- 
tages of the process. The Research Bureau of the 
National Paving Brick Association at the Ohio State 
University Experimental Station at Columbus, Ohio, 
has made observations on the internal structure of pay- 
ing bricks manufactured with various degrees of vacuum 

_ | The following information was submitted by the reporters listed and organized 
into one report by the principal reporter. Information on Manufacture, Specifi- 
Cations, Construction Methods, Fillers, and Base Courses was furnished by Mr. 
Schlesinger. The section on Bed Courses was written by Professor Crandell. Mr. 
Phillips submitted the information on Municipal Use. 

and methods of forming with a view to the further per- 
fecting of plant practices. In some cases authorities 
have specified that the paving brick be de-aired although 
usually the physical requirements govern with no men- 
tion of the method of manufacture. In the brick to be 
used for paving the first tube of the new Lincoln Tunnel 
under the Hudson River in New York City, a maximum 
of 18 percent rattler loss for 3 by 4 by 8%-inch de-aired 
brick is the requirement. 

Standard types and sizes.—Since 1921 the Division of 
Simplified Practice of the United States Bureau of 
Standards, through a committee composed of repre- 
sentatives of engineering and technical societies, has 
annually recommended a standard list of sizes and 
varieties of paving brick. The current recognized list is 
given in table 1. 

TABLE 1.—Standard list of sizes and varieties of paving brick 

Size : 
; 1936 ship- 

Variety ments 

Depth Width Length 

Inches Inches Inches Percent 
Repressed). Lu geese ee eee 4 36 84 Gad 
Vertical fiber lug_.._____- oe Bee Sees 24 4 84 12.8 

D0. so sas. eee eee eee 3 4 84 51.3 
Do. ee eee 316 4 844 9.3 

Totalis-< no 2a a ee | eee ee 80. 5 

It will be noted that the list does not contain lugless 
varieties which at one time were in general use in the 
western part of the United States. The proportion of 
vertical fiber lug brick shipped in 1936 (73.4 percent) 
is the greatest for any type since standardization was 
initiated. 

Specifications.—Practically all standard specifications 
for the physical qualities of paving brick used in the 
United States are identical with, or in essential details 
are based on those of the American Society for Testing 
Materials.2 The requirements in regard to the abrasive 
loss in the rattler test are sometimes varied (usually 
downward from the A.S.7T.M. requirements) to 
apply to the quality of brick available in a particular 
locality. The standard specification for paving brick 
of the A.S.T.M. was revised in 1937. The most 
notable innovation in the new specification is the 
additional requirement to the rattler test limiting the 
number of broken pieces weighing 1 pound or more. 

Some specifications, notably those of the Highway 
Department of the State of Ohio which is a large user 
of paving brick, had in recent years added a test for 
flexural strength. An investigation indicated that 
there was close coordination between broken brick 
in the rattler and low flexural strength. It is believed 
that a broken brick limitation will be more determinate 
than the flexural test in that it will detect brick that 
have minute cracks on only one surface. In addition 
it is considered a criterion of toughness. This is the 
first time that the rattler test, which was devised in 
the United States, has been modified, although it is 
realized that its application by stages is a part of paving 
brick testing in Holland. 

4 American Society of Testing Materials Designation C7—37 T. 
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CONSTRUCTION METHODS 

While the type and quality of the paving brick unit 
is a matter of fundamental importance, its method of 
utilization is at least of equal moment. Brick in the 
pavement are surrounded and supported by a number 
of other materials of construction. The excellence of 
the pavement structure as a whole is the objective of 
design and construction requirements. Most of the 
researches and developments concern improvements in 
what may be termed “auxiliary materials” and the man- 
ner in which they are used. 

Bed course.—For many years the sand cushion has 
been used throughout the world as the standard type of 
bed course on which to lay paving brick. In 1920 a new 
type was tried at Syracuse, N. Y. It consisted of a 
mixture of light refined tar and clean, sharp sand in the 
proportion of 7 percent coal tar and 93 percent sand by 
weight. These materials were mixed together and laid 
cold.. The pavement has been examined from time to 
time since then and it is in excellent condition today, 
showing no signs of movement of the cushion. 

Since that time this bituminous-bound type of cush- 
ion or mastic bed has found favor in many parts of the 
United States, and is now the standard in several 
States and cities. The specifications for mastic bed of 
the American Public Works Association (formerly the 
American Society of Municipal Engineers *) are typical 
of those in most general use. In most cases a liquid 
asphalt has been substituted for coal tar since the as- 
phaltic product is cheaper. If the correct proportion of 
asphalt is used the results seem to be as good as those 
that are obtained with coal tar, but too often the con- 
tractor has been allowed to reduce the amount of as- 
phalt to as low as 3% percent, because he has claimed 
that it is difficult to work with a mixture as “fat” as 
was originally called for. This is sheer nonsense, and 
the cushions laid with the leaner mixes soon show signs 
of deterioration and eventual failure. 

Water-gas tar has been used as a binder to some ex- 
tent, but the results have not been generally satisfac- 
tory, as evidenced by the Chestnut Street pavement, 
Philadelphia, Pa. Some of the cut-back coal tar prod- 
ucts have not given good results either, and their use is 
not recommended. Asphaltic emulsions are not satis- 
factory. Best results have been obtained with light, 
refined straight-run coal tars, as well as those asphaltic 
cut-backs which do not cure too rapidly. 

The sand used for bituminous cushions is important. 
It should be clean and sharp. A rounded sand, such as 
is often to be found in river bottoms, or along swift 
running streams, is, in general, unsatisfactory, because 
the resulting cushion is not stable. It tends to be rolled 
up into the joints when the power-roller passes over 
the brick. A sharp sand resists this tendency, and the 
cushion made with it stays where it is deposited. 

More recently experiment has been made with rock 
asphalt as a cushion course. A lean rock asphalt has 
been tried, containing about 3 percent of asphalt. 
It seems to have some points of superiority, such as 
ease of handling, and a tendency to set up and resist 
movement under the wearing surface. It is too early, 
however, to present a full report on this as the sections 
observed in this country have been in use less than 2 years. 

In the early practice the bedding course or cushion 
varied in thickness to accommodate irregularities in 

3 American Society of Municipal Engineers, Standard Specification , adopted 
October 1935. 

the roughly finished base. This frequently resulted 
in shifting of the cushion with consequent effect on the 
brick surface. Present design calls for a much thinner 
bed with a uniform thickness not greater than three- 
fourth inch, which is possible because of a correspond- 
ingly smooth base-course surface requirement. 

Fillers.—The surface-removal method of bituminous 
filler application introduced several years ago has now 
become practically universal practice in the United 
States. Immediately prior to the application of the 
filler, the brick are treated with a separating agent of 
lime and water, or calcium chloride, laundry starch, 
and water. These agents are sprayed on the surface 
of the brick in place in the pavement in such way as to 
coat the exposed surface of the brick without penetrat- 
ing the joints. When the separating coating has been 
thus applied the filler is poured directly into the brick 
joints and the surplus scraped off the top so as to leave 
the surface of the pavement clean and the joints full. 

Investigations reported to the Highway Research 
Board ‘ in 1933 and 1934 indicated that the coefficient 
of friction, both rolling and sliding, on ‘‘a vertical fiber 
brick road, free of asphalt filler’ was relatively high. 
Observations made on the same pavement during the 
second and third years after completion indicated a 
measurable reduction in friction. According to these 
reports, this was caused by the asphalt progressively 
exuding from the joints in hot weather and covering a 
considerable percentage of the surface. 
A prominent part of the work of the Research Bureau 

of the National Paving Brick Association has been con- 
cerned with the development of paving brick joint 
fillers that will not exude in hot weather. Considera- 
tion has been given to cement grouts, bituminized 
cement grouts, plasticized sulphurs, and bituminous 
fillers. Among the bituminous fillers, comparisons 
have been made between asphalts from different base 
crudes, asphalts of different softening points and 
penetrations, asphalt mastics, and straight pitches and 
pitch mastics. In the laboratory the properties and 
behaviors of the fillers were observed and interpreted 
in terms of practicability. Special emphasis was given 
to a test wherein the exuding or receding tendencies of 
the bituminous fillers were observed by subjecting 
filled brick panels (about 1 square yard in area) to 
prolonged periods of simulated summer temperatures. 
From these tests a number of fillers were selected as 
worthy of actual pavement trial. 

In cooperation with the Ohio Department of High- 
ways and the United States Bureau of Public Roads, a 
project was planned and completed (November 1935) 
in which the entire length of 1% miles of new brick 
pavement on route 31 in Hocking County, Ohio, was 
allotted to a test of fillers. Of these fillers 13 are in 
sections exceeding 300 feet in length and 8 in sections 
somewhat shorter. During construction, observations 
were made to determine the practicability of applica- 
tion, including the surface removal of the fillers. While 
this pavement has been in service but little more than 
2 years, the weather experienced has been exceptionally 
severe. During the winters there have been prolonged 
periods of subzero weather. The summers, of excep- 
tional warmth, included periods during which tempera- 
tures exceeded 100° F. 

The Ohio Department of Highways, basing its selec- 
tion on satisfactory behavior in the test road to date has 

4 Proceedings ofthe Highway Research Board, December 1933, p. 169 and December 
1934, p. 131. 
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designated four of the fillers for more extended use and 
further trial in brick pavement projects. In 1937 these 
4 fillers were optional requirements on 12 projects. 
They can be described in general terms as follows: 

1. A “blended” asphalt, 65 percent midcontinent 
base and 35 percent asphaltic base; penetra- 
On wat oO leew BLO Ras softening point 
101°-110° C. 

2. A blended asphalt simular to the above, with 20 
to 30 percent finely divided mineral content; 
penetration at 25° C., 17 to 26; softening point 
107-1162 GC, 

. A special coal-tar pitch; penetration at 25° C., 
35 to 65; softening point 60°-75° C. 

_ A plasticized sulphur-asphalt mixture, with 
sulphur content 38 to 42 percent; penetration 
at 25° C., 28-34; softening point 65°-75° C. 

So) 

oe) 

- 

TypicaL 3-LANE Brick PAVEMENT on U.S 30 IN OHIO. 

With the removal of the excess mat on top, a more 
thorough inspection of the pavement is possible. One 
consequence has been the requiring of end lugs instead 
of beveled ends (bulged). These lugs on each end are 
non-meshing, so as to provide for free flow of filler, and 
function equally well when the brick are turned. 

Base courses.—The requirements for foundations or 
base courses vary according to conditions of climate, 
‘subsoil, and traffic loads. In the southern section of 
the United States, vitrified brick surface courses are 
successfully used on such foundations as natural sand, 
gravel, crushed stone, slag, shell, and Florida lime 
rock. Brick pavements have, of course, given ex- 
cellent service on bases of waterbound and bituminous 
macadam, of bituminous concrete, and of portland- 
cement concrete. 

Concrete is the material commonly used as a founda- 
tion course for city streets and heavy-traffic pavements. 
With proper subgrade conditions most engineers prefer 
a relatively lean concrete for the base. It will be less 
affected by temperature changes and, because of its 
lower tensile strength, the cracks that form are more 
numerous but narrower. The section of the base, 
separated by such narrow cracks, are displaced rela- 
tively one to another with greater difficulty than if 
the cracks were wider as would be the case if the con- 
crete were stronger; and hence are less likely to affect 
the surface course. Reinforcing with steel mesh or 
bar mats, usually in lieu of a richer concrete, is an 
increasing practice. Expansion joints in the base 
course are a cause of disturbance of the brick surface 
and are not recommended. With plain concrete, 
transverse weakened plane or construction joints are 
used to a considerable extent. As in concrete pave- 

ments, dowelled longitudinal joints should separate the 
base into sections of 1-lane width. With integral 
curbs, which perform the same function, thickened 
edges are not required. 

In connection with the discussion of joints in con- 
crete bases it is apropos to mention that the mono- 
lithic type of brick pavement shows some signs of re- 
vival. In this design the brick are laid, without 
cushion, directly on the green concrete base ’and filled 
with cement grout. In an experimental brick pave- 
ment on route No. 43 in Carroll County, Ohio, con- 
structed in 1933, a section of monolithic pavement was 
included. The construction included a longitudinal 
center joint and 1 -inch transverse expansion joints at 
intervals varying from 50 to 100 feet. A smooth sur- 
face was formed and the section is now in perfect con- 
dition. Further projects of this design are contem- 
plated. It would seem certain, however, that even if 
the monolithic type should again receive favor, the 
present standard brick pavement with cushion and 
flexible filler, which has proved its merits, will continue 
to be the preferred type for general use, particularly 
for municipal streets and resurfacing. 

Longitudinal laying—In December 1936 the Ohio 
Department of Highways completed with Federal aid 
the construction of a section of brick pavement on 
route 31 (located a short distance from the filler test 
road previously mentioned) in which the brick were 
laid longitudinally—that is with the 8%-inch dimension 
parallel “with the curbs. Longitudinal laying was not 
a complete innovation as it had been used previously 
for car-track areas, parking strips, on grades, and, to a 
limited extent, in normal installations. However, this 
project was the first of its kind using modern construc- 
tion methods. Contemplated advantages included 
smoother riding, reduction in traffic noise, spanning of 
base cracks lengthwise, a reduction in breaking of brick 
for transverse closures, economy in labor of laying be- 
cause of unlimited length of rows, and the elimination 
of special wedge-shaped sections on curves. The proj- 
ect, completed in 1936, was 1.35 miles long, 20 feet wide 
over-all, had a concrete base, with 9-inch integral curbs, 
and used 3-inch vertical-fiber lug brick and standard 
asphalt filler. 

An extension of this project for 1.5 miles using non- 
exuding filler was under construction in September 1937. 
The specifications for the first project did not permit 
“batting’’ but it was necessary at infrequent intervals 
to cut brick at transition points. Also because brick 
were respaced or shifted on the cushion, the resulting 
surface contour was not as smooth as expected. On 
the second project, batting will be permitted at one curb 
and it is believed that the appearance of the pavement 
will not be noticeably affected, and that economy in 
laying and a smoother surface will result. 

Continuous longitudinal joints would be of evident 
disadvantage if traffic were predominantly steel-tired. 
However, this type of traffic is practically nonexistent 
in the United States. The future performance of these 
projects in service will determine whether the apparent 
advantages of longitudinal laying are sufficient to justify 
a change in present standard practice. 

Reinforced brick pavement.—Reinforced brick masonry 
in which steel rods are embedded in the mortar joints 
has been used to a considerable extent in recent years 
in pavement construction. This is particularly true in 
California where it is considered desirable because of 
earthquake conditions. In June 1931 a reinforced brick 

(Continued on page 72) 
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PROGRESS IN THE PREPARATION AND USE ON ROADS OF TAR, ASPHALT, AND EMULSIONS 

By E. F. KELLEY, Chief, Division of Tests, United States Bureau of Public Roads, Principal Reporter 

INTRODUCTION 

O REPORT on this subject has been made by the 
United States to the Permanent International Asso- 
ciation of Road Congresses since the Congress of 

Washington. Therefore this report will not be limited 
in scope to the progress that has been made since the 
Congress of Munich but will be extended to include the 
more important developments that have taken place 
since 1930. 

In order to avoid the possibility of misunderstanding 
it seems necessary in this report, as in that of 19380, to 
define the accepted meaning in the United States of 
some of the terms relating to the materials that are the 
subject of discussion. This is necessary because cer- 
tain terms do not have the same meaning in the United 
States that they have in other countries. 

As used in the United States and in this report the 
significance of the terms that appear to require defini- 
tion are as follows: 

Bitumen is that portion of tar, petroleum, asphalt, 
or asphaltic material, that is completely soluble in 
carbon disulphide. 

The adjective “bituminous” means ‘containing 
bitumen.’”’ Thus, tars, asphalts, and asphaltic prod- 
ucts are all bituminous materials. Therefore the terms 
‘bituminous mixture,” ‘‘bituminous treatment,’ ‘“‘bi- 
tuminous construction” are general ones and indicate 
only that the use of either tar or asphaltic material is 
involved. 

Tar is a bituminous product which yields pitch when 
partially evaporated or fractionally distilled and is pro- 
duced by the destructive distillation of organic ma- 
terials such as coal, petroleum, wood, lignite, and peat. 
The tars used in the United States for road purposes 
are manufactured almost entirely from coal tar and 
water-gas tar. A very limited amount of wood tar 
has been used experimentally. 

Asphalt is a solid and semisolid cementitious ma- 
terial, ranging in color from black to dark brown, in 
which the predominating constituent is bitumen. As- 
phalts may be those which occur in nature or those 
produced by refining petroleum. 

Since asphalt is defined as a solid or semisolid ma- 
terial it is necessary to differentiate between it and 
those materials that contain asphalt but are liquid in 
character. Prior to 1930 the term “road oil’ was 
applied rather indiscriminately to liquid asphaltic 
materials used for road purposes with a great deal of 
resultant confusion. Since then the use of that term 
has been discouraged and the liquid products are now 
designated as “‘liquid asphaltic road materials.’ 

Cut-back asphalts are liquid materials produced by 
fluxing solid or semisolid asphalts with volatile petro- 
leum distillates. 

The liquid asphaltic road materials are divided into 
three general classes depending on the degree of harden- 
ing or cementitiousness that is desired and the rapidity 
with which it is developed. These classes are desig- 
nated as slow-curing, medium-curing, and rapid-curing. 
The slow-curing materials are intended to harden very 
slowly after use and to develop only relatively low 
cementing values. The medium- and rapid-curing 
materials are cut-back asphalts and, in contrast to the 
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slow-curing materials, are intended to harden at a rela- 
tively rapid rate and, through loss of the volatile 
solvents, to leave in place a residue of semisolid asphalt. 
The solvents used in the manufacture of cut-back 
asphalts are of the kerosene type for medium-curing 
materials and of the gasoline or naphtha types for the 
rapid-curing materials. 

USAGE OF BITUMINOUS ROAD MATERIALS 

The past few years have seen a great increase in the 
use of bituminous road materials in the United States, 
particularly in the use of the liquid products. 

In 1929 the total consumption of asphaltic road ma- 
terials was 2,656,000 tons of which the slow-curing 
liquid products and cut-back asphalts accounted for 
only 35 percent. In 1936 these liquid materials con- 
stituted 63 percent of a total consumption of 3,807,000 
tons. 

With respect to road tars it is estimated that the 
annual consumption during this same period increased 
from more than 100,000,000 gallons to more than 150,- 
000,000 gallons.” 

Tar emulsions are not used in the United States and 
no reliable figures are available concerning the con- 
sumption of asphaltic emulsions in 1929 or 1930. 
However, their use at that time was relatively small, 
while in 1936 the estimated consumption was 56,000,000 
gallons.' 

SPECIFICATIONS 

No changes of importance have been made in the 
specifications commonly used for the semisolid asphalts 
known as asphalt cements or paving asphalts. How- 
ever, the increased use of liquid bituminous materials 
has resulted in the development of a number of new and 
more adequate specifications for these products. 

In 1932 the United States Bureau of Public Roads 
cooperated with the Asphalt Institute, representing the 
asphalt producers, in formulating a group of specifica- 
tions for liquid asphaltic road materials of the slow- 
curing, medium-curing, and rapid-curing types. The 
requirements of these specifications are given in table 1. 
These specifications were recommended to the State 
highway departments for adoption and, while the States 
as a whole have not seen fit to adopt them in their 
entirety, they have had a marked influence on the speci- 
fications now in use. In 1933 the requirements of the 
recommended specifications for the medium-curing and 
rapid-curing cut-back asphalts were approved for inclu- 
sion in the specifications of the Federal Government. 

The improvement and standardization of specifica- 
tions for tar have been aided considerably by the adop- 
tion in 1937, by the American Association of State 
Highway Officials, of the Standard Specifications for Tar 
for Use in Road Construction, as given in table 2. 
These specifications have been adopted in whole or in 
part by several States and their adoption, possibly with 
slight modifications, is now being considered by the 
American Society for Testing Materials and the Fed- 
eral Government. The important improvement in 
these specifications, as compared with preceding ones, 

1 Figures given are from published statistics of the United States Bureau of Mines 
2 Unofficial estimates; no official figures available. 
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TABLE 1.—Specifications for liquid asphaltic road materials recommended in 1932 by the U. S. Bureau of Public Roads and the 
Asphalt Institute 

Test requirements ! 

Grades 2 

MC-3 RC-2 RC-3 RC-4 

Water and sediment, percent_--_-- 
Hlashspomt, cheese seo ee ee 
Viscosity, Saybolt-Furol, seconds: 

At 77° F 
At 122° F 
At 140° F 
At 180° F 

Total distillate, percent by vol- 
ume: 

MONS 74 OM = eee ane 

seconds - 
100 g, 5 

Float of residue, 122° F., 
Penetration of residue, 

seconds, 77° 
Ductility of residue, 77° F., em__- 
Solubility of residue in CS, per- 

Gents gd: fence ae ee 

60-120 
60+ 

99. 5+ 

100-300 
60-++ 

99. 5++ 

100-300 
60+ 

99. 5+ 

100-300 60-120 
60+ 

60-120 
60-+- 

OT Ott 

100-300 
60+- 

99. 5+ 

TYPICAL USES 3 

IDUSt. lay elastase = see See 
Primer #8 2c 2. a eee eee 
Surface treatments. —.---_---_...- 
Mixed-in-place construction: 

Dense-graded aggregate 4_____ 
Dense-graded aggregate §_____ 
Open-graded aggregate 7______ 

Plant-mixed construction: 
Dense-graded aggregate 4_____ 
Dense-graded aggregate %_____ 
Open-graded aggregate / 

1 Methods of test are those of the American Association of State Highway Officials, 
2 +. indicates that the value shown is the minimum allowable; — indicates that the value shown is the maximum allowable. 
3 For the guidance of the user and not a part of the specification. 
4 Maximum size not over 1 inch. Fairly uniform grading from coarse to fine with appreciable percentage passing No. 200 sieve. 
5 Under favorable conditions only. 
6 Maximum size not over 1 inch. 
7 Maximum size not over 144 inches. Little or no material passing No. 4 sieve. 

is in the establishment of 12 numbered grades through 
which the consistency increases from minimum to 
maximum in a logical manner. That this is true is not 
readily apparent except when the consistencies of the 
different grades are measured at a single temperature and 
expressed in terms of absolute viscosity. The consis- 
tency requirements of these specifications are based on 
absolute viscosity as measured with a capillary rise 
viscosimeter that has been developed recently (1).° 
However, since few laboratories are now equipped with 
instruments for the measurement of absolute viscosity, 
the consistency requirements of the specifications are 
still expressed in terms of specific viscosity, Engler, 
and the float test. 
Much interest is being shown in the proposal to 

specify viscosity requirements in terms of absolute units, 
both for tars and for asphaltic materials, and a number 
of highway laboratories are investigating its possi- 
bilities. 

Three distinct types of emulsified asphalt are in use 
in the United States. These types may be classified 
as follows: 

1. Quick-breaking emulsions for penetrations (or 
grouting) where there is no manipulation of 
the aggregate after it has been coated. 

2. Medium-breaking emulsions for mixing with 
clean, coarse aggregate. 

3. Slow-breaking emulsions for use in densely 
eraded mixtures containing stone dust, sand, 
or other fine mineral ageregate. Emulsions 
for soil-stabilization belong to this general 
class. 

3 Italic figures in parentheses refer to the bibliography, p. 70. 

Fairly uniform grading from coarse to fine with little or no material passing No. 200 sieve. 

The American Association of State Highway Officials 
has adopted standard specifications for five grades of 
emulsified asphalt, the requirements of which are given 
in table 3. Specification M-—51 covers a quick-breaking 
emulsion suitable for penetration macadam and for sur- 
face treatments. Specifications M-47 and M-48 are 
for medium-breaking emulsions for coarse aggregate 
mixtures of the plant- mixed and mixed-in-place types, 
respectively. Specifications M-49 and M-—50 are for 
heavy emulsions to be used in summer and winter, re- 
spectively, in the preparation of bituminous concrete for 
repair work. The American Society for Testing Ma- 
terials had adopted tentative standard specifications for 
four grades of emulsified asphalt practically identical 
with the first four erades shown in table 3. 

Several of the tests used to measure the desired quali- 
ties of emulsified asphalts are of quite recent origin and 
merit brief mention. 

The demulsibility test is for the purpose of insuring 
that the emulsion will break at the desired rate. In this 
test an electrolyte (CaCl,) in weak solution is added to 
100 grams of emulsified asphalt and the percentage of 
the asphalt that is coalesced by contact with the electro- 
lyte is determined. For quick-breaking emulsions a 
high percentage of coalescence in a weak solution of 
CaCl i is required, and for slower-breaking emulsions a 
low percentage of coalescence in a more “concentrated 
solution. 
The settlement test is a sedimentation test to deter- 

mine if the distribution of the asphalt in the liquid 
phase will remain reasonably uniform over an extended 
period of time. Five hundred milliliters of emulsion 
are placed in a stoppered glass cylinder 5 centimeters 
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TABLE 2.—American Association of State Highway Officials Standard specification for tar for use in road construction. Specification 
M-—52; adopted 1987 

Grades 2 

Test requirements ! 

RT-1 RT-2 RT-3 RT4 RT-5 RT-6 RT-7 RT-8 RT-9 | RT-10 | RT-11 | RT-12 |RTCB-5|RTCB-6 

Consistency: 
Specific viscosity, Engler, at 40° C _ 5-8 8-13 13-22 230m Meee See a | eta emeenes oleae |e Phe 2 or Pe ae, beg ag Rg ein, Wht ga eee 
WOOCIIG VISCOSIL ys neler ato0? Gel. pao ee so. Se eee tee 17-26 be (WY al tl eens) s|| Sed See Ld pene S| QR ep ae ee een Ue 17-26 26-40 
TICS Tee STG ARDY int ye SOS So ea te es Oe eS a ae ee a eee 50-80 DUP) ORV AN U1 BS se | ee ee OE Ee Aor eee 
They HOS eM Re UO s oo eee PA Il se ee Sas a 8 Ree ES ey a a ea Ee ee Sh he Seat | eee oes eee | ee VO LOOw (LOO=L60; wS0=2207 len a eee eee 

Specific gravity at 25° C./25° C______ 1. 08+ 1. 08+ 1. 09-++ 1.09-++ 1. 10+ 1. 10+- 1.12+- 1. 14+ 1. 14-+- 1, 15+ 1. 16+ 1. 16+ 1. 09++ 1. 09+- 
Total bitumen, percent by weight ___ 88+ 88-++ 88-+- 88+ 83-++ 83+ 78+ 78+ 78+ 75+ 75+ 75+ 80-++ 80+ 
Water, percent by volume_.-__-_____- 2.0— 2.0— 2.0 2.0 1.5 1,5— 1.0— .0 .0 .0 .0 20 1,0— 1.0— 
Total distillates, percent by weight: 

TNO IG (VAMC) ee Coe ee ee 7.0 7.0 G0 5. 0— 5. 0— 5.0— 3. 0— 1.0— 1.0— 1.0— 1.0— 1.0—}31.0-8.0 |31.0-8.0 
Te) SOP MONS SE Se tpl | ee ef SU] 8 Del a | er RO Pe Se | ey alee Se [EOE eee Ee a eee 5.0 5. 0+ 
Bay BRAG ss aie ee Se Toe a ee SPE i RE fo Ee HEE Me oa Vl Sree Sema || ea A a [Ah SE i al | Ee ene are Sire Ei eae Seon 8.0-18.0 |8.0-18.0 
AM oW7K Ce Ses Se eee 35. 0O— 35. 0— 30. 0O— 30. 0O— 25. 0— 25. 0— 20. 0O— 15. 0— 15. 0— 10.0— 10. 0— 10) O=lteee eres oa ee 
Mors002 Orem se = toa peeewaee 45. 0— 45.0— 40. 0— 40. 0— 35. 0O— 35. O— 30. 0— 25. 0— 25. 0— 20. 0— 20. 0O— 20. 0O— 35. 0O— 35. 0O— 

Softening point of residue, ° C______- 35-60 35-60 35-60 35-60 35-65 35-65 35-65 35-65 35-65 40-7 40-70 40-70 40-70 40-70 

Typical uses and suggested tempera- | Prime coat; 60° | Prime coat and | Surface treat- | Surface treatment, road | Surface treatment premix, | Surface treatment 
tures for application.4 tOnleban Ei. surface treat- and road mix; mix, premix and seal seal coat, penetration road mix and 

ment; 80° to 80° to 150° F. coat; 150° to 225° F. and crack filler; 175° to premix when 
150° F. 25029ns low  tempera- 

tureapp!] ica- 
tion and quick 
setting are de- 
sired; 60° to 
120° By 

1 Methods of test are those of the American Association of State Highway Officials. 
2+ indicates that value shown is the minimum allowable; — indicates that value shown is the maximum allowable. 
3 This requirement was revised in 1938 to 2.0-8.0. 
4 For the guidance of the user and not a part of the specification. 

TABLE 38.—American Association of State Highway Official standard specifications for emulsified asphalt, adopted 1937 

Specification No.2 

Test requirements ! 

M~+47 MH48 M-51 M~419 M-50 

WiISCOStinyoaAy DOlU-Hurol, OO ml ate 77> b., SCCONGS 2. --6 62-2 ola cena enone ne LOO Fee ee, 20-1002 sean CAVES oa eat eal ee =! en eee ee wee 
Rendue Dye Gistillonons percent Dy weleht.- 225-225 2- 2 ees ee G0=652 eee ae DD O0 Soe = eee eee 5D OU mete ee Odea eee 65+. 
SRLOMOM UROL ASS DOLCE bs = eer. mens en meee oe ted es ee ee reek a Pe ee 1 tS eee Dies ee se ee ee Be eee 
Demulsibility, percent by weight: 

1 Orel Wey OPE NI OK ON CIR a SNA eR a ar ee eee 8 30 — sane eae SOO =k eee S| Se ee ee AS, 1, | Se ea enre any i t||Paete Le ee Le oe 
Sy CTU Osi (CSN C8 On pees ee Oe Seen wae ea oe. | Eel oe SOC eee eee celles le caste GOS eae eS ee ee ee |e Pe 

PCE ILCSTEDCUCOM LAD VaveGlO Ga eee eee ee ee et ee See een ee eS ORM} = ee Se OO = eeeeseeeene Onl ee eeen eee OFLU 2 eee aaa 0.10— 
Miscibility with water, no appreciable coagulation in 2 hours_____---_---.--_-- (6) pan Se eee ne (cere Se WET |S 49 ee ly (Gee aay = ee (4), 
Coating test—thorough coating and no appreciable separation of emulsion__-__| (4)--------.------ (Ree es ee eke Tee eee Geen ee re (4). 
HCCI SMCSl—— A OMOCEMOOU Stal bole CV OlCNsniak een ae es Seen > eee ee eee. ee ee ee Fe ene Se ee wwe os [Ome ee ee eee See ne ea (A) 
Residue from distillation: 

OnSULATLON ws LOOLE Oi SECONGS ia i wl sem tee ne ee ee ee eee 100-2002 55-222 =- 100-2002 eee ee 100-200 SseeS see 00-200 25==eeee 125-225 
‘Sueerel bake fea alin Cilia (OME = See ee, = Ee te ee ee ee 100 ae 00 HW spe ee Se 0 eee eee mL =frs 
IN MCbyea ceniunh ei CUOl Sane et cee eee 5 ee Ene a Ap Saat Rete eee chee 405 eee ree ae AQ Fares wee nae 40 aee eee AO fat eee eS 40+. 
SOlmDINGy MIMeALDOIL Gish pPMIGes Percent. 28. sane tes 2 Ee eer Pee erie is eee ee ee iy ee eee ee Ci oe eee eae. CO ea eee Qh, 
ANS a Oey Ceva IE Ea SS Se ee ee eee 73 Us a 20 ee HAV 3 a2 2 7 et Ss es ae 25 

PCe ie deises ames 2 eet caer oe Sei Be gg eR a a a ee ig prs Open-graded | Open-graded | Penetration | Bituminous | Bituminous con- 
course aggre- course aggre- macadam and concrete mix- crete mixtures 
gate plant gate mixed-in- surface treat- tures for re- for repair work, 
mixtures. place con- ment. pair work, winter use. 

struction. summer use. 

1 Methods of test are those of the American Association of State Highway Officials. ; 
% + indicates that the value shown is the minimum allowable; — indicates that the value shown is the maximum allowable. 
3 Specifications M-47 and M-48 were revised in 1938 by the addition of the following footnote applicable to the demulsibility test: 

The limit shown is for general use. 
gested: For hot, dry climates, 0-5 percent; for mild climates, 5-80 percent; for cool, damp climates, 20-45 percent. 

4 Required. 

in diameter and allowed to stand for 5 days. 

between the percentages of asphalt in each. 
In the sieve test the emulsion is passed through a 

No. 20 sieve, previously wetted with a 2 percent solu- 
tion of sodium oleate, and is washed through the sieve 

The residue on the sieve is 
weighed to determine the amount of coagulated 
with the oleate solution. 

asphalt in the emulsion 
The test for miscibility with water is merely to insure 

that the emulsion can be diluted with water prior to use. 
The emulsion is mixed with distilled water to deter- 

The test is not appli- mine if coagulation takes place. 
cable to quick-setting emulsions. 

At the 
end of that time the top 10 percent and the bottom 
10 percent of the emulsion in the cylinder are removed 
and a determination made of the numerical difference 

ab 

In ease it is desired to specify more restrictive requirements based on prevailing climatic conditions, the following limits are sug- 

In the coating test the emulsion is mixed for 3 min- 
utes with a standard reference stone ranging in size 
from one-fourth to three-fourths inch. 
determine if the emulsion will coat the stone thor- 

he test is to 

oughly and if the mixing operation will cause appre- 

ment. 

ciable separation of the asphalt from the water of the 
emulsion. 

The freezing test, applicable only to emulsions for 
use in cold weather, is to determine if the emulsion 
can be subjected to low temperatures without detri- 

The emulsion is subjected to alternate cycles of 

description. 

freezing and thawing to determine if it will remain 
homogeneous. 

The other tests listed in table 3 are the same as those 
appled to other asphaltic materials and require no 
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The slow-breaking mixing emulsions are being used 
to a considerable extent in densely graded bituminous 
mixtures but, as yet, there are no standard specifica- 
tions for them. In general, the requirements for these 
materials are similar to those for emulsions of the 
medium-breaking type except for demulsibility and 
the addition of a mixing test to determine if the emul- 
sion can be mixed _ successfully with fine-grained 
material. The test for demulsibility is the same as 
that for medium-breaking emulsions but the amount 
of breakdown is usually limited to a maximum of about 
2 percent. In the mixing test that is frequently used, 
the emulsion is mixed with portland cement and water, 
the amount of breakdown permitted being limited to a 
low percentage. 

Emulsified asphalt for soil stabilization is a special 
grade differing from the others in that it must be capa- 
ble of being mixed with large quantities of extremely 
fine soil materials of the clay size and it should dry 
rapidly after being mixed. The mixing test with port- 
land cement and a dehydration test are frequently used 
for this grade of emulsion to insure that it will have the 
desired properties. Aside from the dehydration test, 
which measures the rate at which the emulsion loses 
water, the requirements for stabilization of emulsions 
are much the same as for slow-breaking mixing emul- 
sions except that a harder grade of asphalt (50 to 100 
penetration) is generally used. 

The foregoing discussion of emulsified asphalts has 
related entirely to emulsions of asphalt in water. In 
addition to the extensive use of these, there has been a 
limited use in the United States of so-called inverted 
emulsions or emulsions of water in asphalt. However, 
their use has not been widespread and no effort has 
been made, as yet, to effect any standardization of 
requirements designed to insure their satisfactory 
quality. 

In addition to the developments in specifications for 
the bituminous materials themselves, an important 
change has taken place in specification requirements for 
the coarse mineral aggregates with which they are used. 
This has been the rather general adoption of the Los 
Angeles abrasion test to replace the Page toughness test 
and the Deval abrasion test that have been standard 
for many years. 

The latter two tests have a number of defects among 
which the following are worthy of note. The Page 
toughness test is made on samples taken from ledge 
rock and therefore is not applicable to crushed slag or 
gravel. The Deval abrasion test, as applied to stone, 
is also made on samples from ledge rock and therefore 
it has been necessary to modify the test method when 
it is used for gravel or crushed slag and it has also been 
necessary to specify different maximum losses for these 
materials than have been specified for stone. Finally, 
and most important, the results of these tests are not in 
good agreement with the observed performance of the 
ageregates as used in road surfaces. The Los Angeles 
abrasion test is not subject to the criticism that has 
been directed at the Page toughness test and the Deval 
abrasion test. It is applicable alike to crushed stone, 
crushed or rounded gravel, or crushed slag, and these 
materials may be tested after being crushed and 
screened to the sizes that are to be used. Moreover, 
there is a good correlation between test results and the 
breakage and crushing of the coarse aggregates that 
takes place under construction rollers and under traffic. 

TYPES OF CONSTRUCTION 

Hot-mixed pavements.—The principal types of hot- 
mixed and hot-laid bituminous pavements used in the 
United States are coarse-aggregate asphaltic concrete, 
fine-aggregate asphaltic concrete, and sheet asphalt. 
It is unnecessary to describe them in detail here since 
this has been done in the report of 1930 and in other 
literature. No essential changes have been made in re- 
cent years in the design and construction of these types, 
except in the increased use of improved construction 
equipment. The new equipment will be described later. 

In addition to these standard types that are mixed 
hot and laid hot, a number of proprietary mixtures 
have been developed that are designed to be laid cold. 
These differ from the standard mixtures primarily in 
the kind of asphaltic materials, or the combinations of 
them, that are used and in the special procedures that 
are employed in their preparation. 

The heavier grades of tar (RT-8 to RT—12, table 2) 
are also used to a limited extent in dense graded pave- 
ments that are mixed hot and laid, either hot or cold, 
in two courses. 
designed to be laid hot and those designed to be laid 
cold is that the former have greater density and greater 
initial stability due to the use of finer aggregates and 
heavier tar cement. 

Bituminous macadam.—The construction of bitumi- 
nous penetration macadam with asphalt cement or tar 
does not require description or comment since no signi- 
ficant changes in practice have taken place since the 
date of the last report. 

Cut-back asphalts are being used to a limited extent 
in penetration macadam and are particularly useful 
for work in cold weather. Materials of the RC-4 
grade (see table 1) or even more viscous grades are 
used for this purpose. When cut-back asphalts are 
used it is desirable to use a coarse crushed aggregate of 
somewhat smaller size than is employed customarily 
when hot materials are used. 
The use of emulsified asphalt for bitumiuous macadam 

construction has increased materially; and when it is 
used some changes in the standard construction pro- 
cedure are required. In hot penetration construction 
the voids between the pieces of coarse stone are left 
open in order that the bituminous material may pene- 
trate before it cools. When emulsified asphalt is used 
it is necessary to choke the voids with clean stone chips 
prior to the first application of bituminous material. 
This necessary modification of hot penetration practice 
was first used in Great Britain and Continental Europe. 
The subsequent application of keystone is usually 
followed by two light applications of emulsion, each 
covered with stone chips and rolled, and these in turn 
are followed by a light seal coat of emulsion that is 
covered with sand. In general, a somewhat smaller 
quantity of bituminous material is used for a given 
thickness of macadam constructed with emulsified 
asphalt than is usually considered necessary when 
asphalt cement or tar is used. 

Low-cost surfaces.—The term “low-cost’’ as applied 
to roads and road surfaces has come into general use 
in the United States in recent years and its meaning is 
frequently misunderstood. Such roads and road sur- 
faces are “‘low-cost”’ or not, depending entirely on one’s 
conception of what constitutes a low cost. Actually 
they cost an appreciable sum per mile and an enormous 
sum in the aggregate. They are not inexpensive but 

The principal difference between those — 

EO OOO EE a eee 

me 
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merely less expensive than the higher types of pavement 
such as sheet asphalt, asphaltic concrete, or portland- 
cement concrete. But these low-cost surfaces, if con- 
structed on adequate bases, are capable of carrying a 
large volume of motor-vehicle traffic, including an ap- 
preciable percentage of heavy trucks. Their use has 
made possible the construction of much greater mile- 
ages of surfaced roads, on the primary highway sys- 
tems in sparsely populated areas, and on the secondary 
highway systems in more thickly populated areas, 
than otherwise would have been possible. 

Low-cost bituminous surfaces, as used in the United 
States, may be divided into three general classes as 
follows: 

1. Surface treatments. 
2. Open-graded or coarse-aggregate surfaces. 
3. Dense-graded surfaces. 

The open-graded and dense-graded surfacing mix- 
tures may be either mixed in place on the road, pre- 
mixed in a traveling mixing plant, or premixed in a 
stationary mixing plant. 

It is in these types of bituminous road surfaces that 
the greatest progress has been made since the Congress 
of 1930. In these types of construction the greatest 
amounts of liquid bituminous materials are used and 
the increased consumption of these products in recent 
years is an index of the extent to which the low-cost 
surfaces are being utilized. However, it should be 
noted that some of the road surfaces of this class are 
not resistant to the mutilative effect of steel-tired 
wheels and the hoofs of animals. The United States 
is fortunate in having very little highway traffic of this 
character. 

Surface treatments or carpet coats are used on water- 
bound macadam, sand-clay, sand-clay-gravel, or other 
stable bases and on old bituminous surfaces. Widely 
varying materials are used and there is a considerable 
variation in construction procedures. However, dis- 
regarding minor refinements, the general practice is to 
prime the base with bituminous material and, after 
this has penetrated and dried, a heavier bituminous 
material is applied. This is covered immediately with 
clean coarse aggregate, generally having a maximum 
size of 1 inch or less, and this is rolled. Another coat 
of bituminous material is then applied and this is cov- 
ered with stone chips and rolled. It is considered good 
practice to seal the resulting surface with another light 
application of bituminous material which is covered 
with chips and rolled. The seal may be applied at the 
time of construction or application may be delayed for 
several months. The net result is a carpet or mat 
having a thickness of about three-fourths inch and 
composed of bituminous binder and open-graded aggre- 
gate. The one thing common to all surface treatments 
is that the bituminous material is applied by means of 
a pressure distributor. 

For prime coat, the lighter grades of tar or medium- 
curing cut-back asphalt are used, the grade selected 
being dependent on the density of the surface to be 
primed. The prime coat is sometimes omitted, par- 
ticularly when surface treating old bituminous pave- 
ments or when using emulsified asphalt. 

The bituminous materials applied after the prime 
coat are usually of heavier grades and may be hot 
asphalt cement, rapid-curing cut-back asphalt, tar 
or quick-breaking emulsified asphalt. The grade of 
material selected is dependent to a certain extent 
on weather conditions, the lighter grades being used 

in the pues and fall and those of higher viscosity in 
the summer. In connection with the growing tendency 
to use the heaviest grades of material that are suitable 
for the type of construction, attention should be called 
to the fact that the typical uses of the various grades 
of liquid asphaltic road materials, shown in table 1, 
are not entirely in accord with current practice. Great 
quantities of rapid-curing cut-back asphalt are used 
in surface treatment work and the RC-1 grade has 
been used extensively but there has also been a con- 
siderable use of the more viscous grades, even including 
RC-+4. 

The open-graded or coarse-agegregate surfaces are,’ 
as the name implies, composed of bituminous material 
and clean coarse aggregate free from dust. This type 
of surface is known by a variety of names, the most 
common of which is ‘‘retread treatment.’ It is used 
extensively, particularly for surfacing old gravel or 
macadam roads and for resurfacing old pavements 
that are worn or that have excessively high crowns 
which require flattening. The open-graded surfaces 
are used to the greatest extent in the eastern part of 
the United States. 

As in the case of surface treatments and other types 
of bituminous construction, the details of construction 
vary somewhat in different States. In general, the 
procedure for road-mix or mixed-in-place construction 
is about as follows. After the base or old pavement 
surface has been prepared by removing loose dust, it 
may or may not, depending on its character, be given 
a prime treatment with light tar or cut- back asphalt. 
The coarse aggregate is then spread over the surface 
to the required depth and bituminous material is 
applied with a pressure distributor. The materials 
are then mixed with disk harrows, blade graders, or 
other simple mixing equipment, after which the mix- 
ture is spread and rolled. This is followed by an appli- 
cation of bituminous material and chips to choke the 
voids in the base mix and this, after being rolled, is 
given a seal coat of bituminous material, covered with 
chips or sand, and rolled. 

It is frequently desirable to premix the coarse aggre- 
gate and bituminous material, either in a portable 
mixer at the site of the work or in a stationary mixing 
plant convenient to the supply of aggregate, rather 
than to mix it in place on the road. In such cases the 
details of construction, after the base mixture has been 
spread, are the same as for mixed-in-place work. 

The thickness of open-graded surface courses varies 
pie about 1% to 2% inches and the size of the coarse 

eregate eel is dependent on this thickness. Typical 
pee te for size of aggregates are those of the 
American Association of State Highway Officials, shown 
in table 4. The size designations (84B,3 A Modified, 
ete.) given at the tops of the columns in table 4 are 
standard size designations of the Simplified Practice 
Recommendations for sizes of coarse ageregates for use 
in highway construction. In table 4 the same aggre- 
gate is specified for the key or choke stone and for the 
seal or cover stone. <A size intermediate between that 
of the coarse aggregate and the cover stone is sometimes 
specified for the choke stone. 

Rapid-curing cut-back asphalt, tar, and emulsified 
asphalt are all used in open-graded road-mixed or 
plant-mixed surface courses. In plant mixes it is 
advantageous to use heavier, less volatile grades of 
asphalt cutbacks and tars than are used in road mixes 
since these do not require as much aeration before the 
mixture is ready for compaction. Cut-back asphalt 
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Taste 4.—American Association of State Highway Officials 
proposed standard specification for crushed stone, crushed slag 
and crushed gravel for open-graded bituminous road-mix surface 
course. Size requirements for aggregates } 

Coarse aggregate Choke SJoarse aggregate ake 

Sieve size (square openings) 

é 3A modi- F 5B modi- 34 B fied 45 B fied 

Percent | Percent Percent Percent 
Quitichy+ eae a3 28s Ba et eee 100) |2 2282223 a ee ee 
1 POS eee ee See Oe ee Bae es 90-100 100 ee eee 
Lin Chi. See oem oe oe ens ape S 90-100 OOF tie seer 
84-inch 2) a eens. Sa ee ee ee eee 30-65 40-75 90=100 ir | eee 
SS a1T CH oe ee oo eee Sere ae EE aia es mere b=20F ee 100 
Sé-inCh oes ee a 2 eee ee Ee 510) Loew aees 20-55 90-100 
INO a eee? oes ee es ee 0-5 0-5 0-10 10-30 
INO Se a ee A es eee eee eee 0-5 0-8 

1 Figures given are percentages passing the various sieves, by weight. 

of grade RC-3 (table 1) is commonly used for road 
mixes in warm weather, RC-2 for road mixes in cold 
weather, and RC-4 for plant mixes. The tars used 
range in grade from RT-6 to RT—9 (table 2). When 
emulsified asphalts are used, those of the medium- 
breaking or slow-breaking types are used for mixing 
with the coarse aggregate and quick-breaking emulsion 
for the subsequent applications. 

The dense-graded surfaces of the low-cost type were 
first developed and used extensively in the States of 
the Pacific Coast and they are still used to the greatest 
extent in the western half of the United States. They 
were utilized first to eliminate dust and reduce the loss 
of road metal from untreated fine-crushed rock and 
gravel surfaces and in the early stages of their develop- 
ment the slow-curing liquid asphaltic materials were 
used exclusively. Since then the use of asphalt cut- 
backs of the medium- and rapid-curing types has been 
found to be advantageous and now all three types of 
liquid asphaltic materials are used. Emulsified as- 
phalts of the slow-breaking type are also being used 
but not in such great quantities as the other materials. 
As this type of construction has become standardized 
more attention has been given to the grading of the 
mineral aggregate and to the character of the fine 
mineral material which, if of unsatisfactory quality, 
is likely to cause failure. 

The dense-graded surfacing mixtures of the low-cost 
type are mixed in place on the road, or mixed in 
traveling mixers or in stationary mixing plants. When 
mixed in place on the road the operations are much 
the same as in the case of the open-graded mixtures 
except that a great deal more manipulation is required. 
If rain happens to fall when mixing is in progress, the 
mixing operations may be extended greatly due to the 
necessity of reducing the moisture content to a low 
percentage. When the traveling mixing plant is 
used the graded aggregate, which is placed along the 
road in a windrow of proper size, is picked up and 
mixed by the machine and deposited behind it ready 
for spreading and compaction. As compared with 
road mixing, the traveling mixer is advantageous in 
permitting a better control of the proportioning of 
materials, i securing a more uniform mixture, and in 
eliminating much of the delay and expense caused by 
rain. The stationary mixing plant has all the advan- 
tages of the traveling mixer and, in addition, permits 
a much more accurate control of the proportioning of 
materials. Both types of mixers have the common 
advantage of permitting the use of asphaltic materials 
of greater viscosity. 

Upon completion of the mixing operation the dense- 
eraded mix is spread and compacted to a thickness of 
from 14 to 3 inches. Compaction was formerly effected 
entirely by traffic accompanied by blading of the surface, 
but there is a growing tendency to supplement this 
by compaction with rollers. It is also the preferred 
practice to seal the compacted surface with a light 
application of bituminous material which is covered 
with chips or sand. 

Typical requirements for grading of the aggregates are 
those of the American Association of State Highway 
Officials, shown in table 5. These grading requirements 
are supplemented by other requirements designed to 
prevent failures of the type that have taken place in 
the past. Failures in dense-graded surfaces of the low- 
cost type have been attributed to two principal causes: 
Lack of adhesion, in the presence of water, between the 
ageregate and the bituminous materials which are of 
relatively low viscosity; and the tendency of the fine- 
grained filler material to swell and become plastic when 
wet. In the proposed specifications of the American 
Association of State Highway Officials it is required 
that the aggregate, when mixed with the bituminous 
material that is to be used, shall be resistant to the 
action of water; that the portion of the aggregate 
passing the No. 40 sieve shall not have a plasticity index 
greater than 6; and that the bituminous mixture shall 
not swell unduly when subjected to the standard test 
for swelling. 

TaBLE 5.—American Association of State Highway Officials 
proposed standard specification for crushed stone, crushed slag 
and crushed gravel for dense-graded bituminous road- and plant- 
mix surface course. Size requirements for aggregates ! 

Sieve size (Square Mix Sieve size (square 
openings) Seal openings) Mix Seal 

Percent Percent Percent | Percent 
a beWsl ole, < anaes os LOO; | ee ee ae NOs Sos eee 45-65" ya eee 
Jaan Chien ee So-100))| eee eee INOS, 10 eae neees 30-50 0-5 
Ye -ini Chm ot Se ee ee 100 IN'O3200/22=5 ee 5-10 0-2 
Lye alelate: Raat Eas (ee 90-100 

1 Figures given are percentages passing the various sieves, by weight. , 
2 A smaller percentage passing the No. 200 sieve may be specified by the engineer. 

There is no standard practice with respect to the 
liquid asphaltic materials used in dense-graded, low-cost 
surfaces. Slow-curing materials and medium- and 
rapid-curing cut-back asphalts are all used extensively, 
although at present there is probably a considerably 
ereater use of the slow-curing products and the medium- 
curing cutbacks than of the rapid-curing materials. The 
consumption of cut-back products for this type of con- 

_struction is increasing rapidly since they have a decided 
advantage over the slow-curing materials in that they 
result in mixtures that are tougher and more resistant 
to the action of water and the abrasion of traffic. When 
asphalt cutbacks are used it is necessary to select the 
type with respect to the available mineral aggregate 
since the rapid-curing materials cannot be mixed suc- 
cessfully with aggregates containing a high percentage 
of material passing the No. 200 sieve. Five percent 
passing the No. 200 sieve is usually considered the 
maximum amount of fine material if rapid-curing cut- 
backs are used and if greater amounts of the fine mate- 
rial are present it is necessary to employ the medium- 
curing products. 

In addition to the extensive use of dense-graded road 
surfaces containing liquid asphaltic materials, there is 
a more restricted use in the eastern States of the same 
general type of construction in which the graded 
aggregate is mixed with tar. 
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Stabilized bases —A major development, since the 
Congress of 1930, has been in the design and construc- 
tion, with soil materials (gravel, sand, silt, and clay), 
of the so-called stabilized bases that are suitable for 
bituminous surfacing. The use of soils in highway con- 
struction is the subject of another report to the Congress 
and therefore a detailed discussion of this topic is not 
appropriate here. However, it is necessary to mention 
stabilized bases since bituminous materials are being 
used in their construction in an ever increasing amount. 

Given a supply of granular materials of suitable grad- 
ing and fine soil binder of satisfactory quality, it is 
possible to proportion these materials for base-course 
construction so that satisfactory performance in service 
will be assured. But when the granular materials 
available are insufficient in quantity or of inadequate 
grading, or the soil binder is of unsatisfactory quality, 
it is necessary to overcome these defects by some means 
and bituminous materials have proven effective. 

Emulsified asphalt of the slow-breaking type has been 
used more extensively in base stabilization than the 
other bituminous materials but tar and slow-curing, 
medium-curing, and rapid-curing liquid asphalts have 
also been used with success. However, bituminous base 
stabilization must still be considered as largely in the 
experimental stage. 

In this type of construction the usual practice is to 
pulverize the soil material that is to be stabilized, add 
bituminous material in one or more applications, and 
mix it on the road. On account of the large amount of 
fine-grained soil and the relatively small amount. of 
bituminous material used, it has been found that a uni- 
form mixture can be obtained only by adding consider- 
able quantities of water to the mix. ‘This is necessary 
even with emulsified asphalt. The mixing is done with 
harrows and blades and the resultant mixture has the 
appearance and consistency of soft mud. It is spread, 
permitted to dry to a moisture content that will permit 
compaction, and is then compacted with sheepsfoot 
rollers or multiple-wheel rollers with pneumatic tires. 
Rollers of this type are preferred since they produce 
the kneading action, so essential to thorough compac- 
tion, that cannot be ‘secured with ordinary road rollers. 

In addition to the road-mix method that has been 
described, mixing is also done with traveling mixers of 
the same type as those used in the preparation of sur- 
facing mixtures. 

In the road-mix method, the bituminous materials 
are always applied with pressure distributors except 
when a machine known as a sub-oiler, designed espe- 
cially for the purpose, is used. This machine introduces 
the liquid bituminous material into the pulverized soil 
by means of pipe lines attached to scarifier teeth. 

The stabilized soil layer thus produced is generally 
too friable to withstand the action of traffic and it is 
customary to protect it with a bituminous surface, 
usually one of the low-cost types. 

CONSTRUCTION EQUIPMENT 

A major development in connection with bituminous 
road construction in the United States has been the 
improvement of old types of construction equipment 
and the development of many new types. ‘The intro- 
duction of new machines designed for special purposes 
has resulted in better and more economical construction 
and has had an important influence on present practices. 

General improvements, common to a number of 
types of equipment, have been the substitution of pneu- 
matic tires for steel or solid-rubber tires, the adoption 

of Diesel-type power units where practicable, a change 
from mechanically operated controls to those designed 
for compressed-air or hydraulic operation, and a general 
increase in capacity of all equipment. 

Bituminous DisrripuTor with FuLu-WiptH Spray BAR AND 
TACHOMETER ACTUATED BY AN AUXILIARY WHEEL. 

Asphalt plants.—Stationary plants for the manufac- 
ture of hot asphaltic paving mixtures have been greatly 
improved both from the standpoint of design and that of 
control of operations. The operation of the modern 
plant is largely automatic, a recent improvement being 
temperature control of the aggregates in the drier by 
means of a pyrometer that regulates the burners. 
This insures delivery of the ageregate to the hot ele- 
vators at a more constant temperature with a resultant 
improvement in the uniformity of the mixing operation. 
The automatic feeding of aggregates to the drier is 
becoming common practice ‘In the past the asphalt 
heaters used at asphalt plants have usually been of the 
oil-burning type but an electric heater has been de- 
veloped that can be used to advantage where the cost 
of electric power is low. The new electric heater is 
automatic and will control the temperature of a tank of 
asphalt within narrow limits, thus reducing the danger 
of damaging the material by ‘overheating. 

Automatic plant control has brought about a great 
improvement in the quality of the product and has also 
contributed materially to increased production which 
has resulted in a lowering of costs. 

Asphalt heaters and distributors. —Bituminous road 
materials are usually shipped in railroad tank cars 
having a capacity ranging from 6,500 to 10,000 gallons 
and these cars are equipped with coils for the purpose of 
heating the material when necessary. The low-pressure 
steam heaters formerly used are gradually being dis- 
carded in favor of high-pressure steam heaters that are 
more efficient and more easily portable. With this 
equipment it is possible to raise the temperature of the 
material in a 10,000-gallon tank car as much as 50° F. 
in one hour. The shipment from the refineries of 
heated materials in insulated tank cars and the use of the 
improved heaters has greatly reduced the time required 
to transfer material from the tank car to the distributor. 

Pressure distributors for the application of bitu- 
minous materials are employed in all types of bitu- 
minous construction that do not involve plant mixing. 
The sizes most commonly used have capacities ranging 
from 600 to 1,500 gallons. The general design of dis- 
tributors has not changed ereatly but refinements in 
design have increased the ease and efliciency with 
which materials are handled. More uniform distri- 
bution is made possible by increased capacity of pumps 
and by better heating and circulating systems. Accur- 
acy in the rate of distribution is aided by tachometers, 
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THAT Picks up THE MINERAL 
MIxEs It witH BITUMINOUS 

PLANT MrxiNnG 
AGGREGATE FROM A WINDROW, 
MATERIAL, AND Deposits THE FINISHED MixturRE BEHIND 
THE MACHINE. 

TRAVELING 

actuated by an auxiliary wheel, or by other forms of 
governors that synchronize the speed of the pump and 
the speed of the truck. Another improvement is a new 
spray-bar that eliminates dripping as soon as the flow is 
stopped. This is accomplished by applying suction 
from the pump or by cut-off valves for each nozzle. 

Portable mixing and spreading equipment.—For mix- 
ed-in-place construction the greatest use is made of such 
simple equipment as spring-tooth harrows, disk har- 
rows, and blade machines. An improvement in the 
disk harrow has been made by mounting the disks in a 
frame carried on rubber-tired wheels. This permits the 
disks to be lifted clear of the ground and is advanta- 
geous in turning the equipment. The grader machine 
with a single blade and the multiple- blade machine are 
both used “extensively i in road-mixing operations. The 
multiple-blade machines have four or more blades set in 
pairs for mixing and for striking off. An improvement 
in this equipment is obtained by setting the blade assem- 
bly in a chassis mounted on rubber-tired wheels, with 
provision for quickly raising and lowering the blades. 

Several types of traveling mixing machines are now 
available and their use is increasing rapidly. In one 
type, one or more pug-mill shafts are installed at the 
front of the machine and, as it moves forward, mixing 
of the aggregate and bituminous material, previously 
distributed on the road, is effected in one passage. 
In another type the aggregate, previously placed in a 
windrow on the road, is picked up and elevated to a 
continuous mixer. There the bituminous material is 
added and mixed, and the finished mixture is then 
deposited on the road in the rear of the machine. 

For the types of construction in which the aggregate 
is placed in windrows along the road, it is desirable that 
the windrow be of uniform cross-section and that it 
contain the required amount of material. A useful 
device for this purpose is dragged by a tractor over the 
roughly formed windrow, bringing it to uniform section 
by means of adjustable tail gates and moving excess 
material forward. 

Brooms and broom drags.—For cleaning road _ sur- 
faces prior to bituminous construction, better and 
speedier rotary brooms have been developed and 
these, combined with motor-driven blowers, make it 
possible to clean a surface more effectively and eco- 
nomically than can be done with hand brooms. 

For spreading small-size aggregate in macadam con- 
struction or in surface-treatment work, or for mixing 
and spreading small quantities of bituminous material 

A Broom Draa. 

and small-size aggregate, the broom drag has been found 
very useful in effecting uniform distribution and smooth- 
ness of surface. These drags are fairly large and con- 
tain several rows of stiff-fiber or wire brooms. 

Aggregate spreaders.—Mechanical spreaders, that in- 
sure uniformity of distribution of aggregate, are practi- 
cally always used in the construction of penetration 
macadam and surface treatments and they are also 
used in some types of road-mix construction. These 
are of various types and forms. In one type the aggre- 
gate is spread directly from the rear of a dump truck 
by spreader devices built into the tail gate or attached 
to it. A second type includes hoppers of various 
forms, either pulled by a truck or self-propelled, that 
may be adjusted to spread a layer of aggregate in any 
amount desired. A third, and rather novel type, con- 
sists of two small wheels on an axle that carries, and is 
geared to, a revolving circular steel plate. This device 
is attached to the rear.of a dump truck loaded with 
aggregate. As the truck moves forward the aggregate 
is permitted to fall through the tail gate of the truck 
onto the revolving plate which sprays it over the road 
surface. This type is designed for relatively light 
applications of aggregate in surface treatment. 

A SHEEPSFOOT OR TAMPING RoutLER WuicH Is VERY EFFECTIVE 
IN COMPACTING BITUMINOUS-STABILIZED BASES THAT CON- 
TAIN A H1iGH PERCENTAGE OF FINE-GRAINED MATERIAL. 

Rollers —For the compaction of bituminous-stabi- 
lized bases and bituminous mats the ordinary construc- 
tion rollers having wide, smooth steel wheels are not 
generally satisfactory and three special types of rollers, 
none of which is self-propelled, are used for this purpose. 
One of these is the sheepsfoot or tamping roller which 
is not new but which has not been used extensively 
until recent years. This roller consists of a hollow 
metal drum, which may be filled with water, and which 
is studded on its outer surface with metal projections. 

a 
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These studs are about 6 inches long, of small diameter 
and end in flat heads somewhat larger than the shanks. 
These rollers are very effective in obtaining uniform 
compaction throughout the entire depth of layers of 
fine-grained soil materials. 
A second type is a multiple-disk roller in which 10 or 

more heavy metal disks, about 3 feet in diameter and 
2 inches thick, are mounted a few inches apart on a 
single axle. The third type is the multiple-wheel 
pneumatic-tired roller. This is a trailer having either 
one or two axles, on each of which are mounted, at close 
spacing, as many as 5 truck wheels equipped with large 
pneumatic tires. The trailer body may be loaded with 
any desired weight. This roller is very effective in 
producing the kneading action that is necessary in 
compacting bituminous-stabilized bases and _ dense- 
graded bituminous surfaces. 

A yaluable improvement has been made in the 
conventional tandem and three-wheel rollers that are 
used so extensively in bituminous pavement construc- 
tion. This is the addition of an auxiliary roller on a 
third axle. In the case of the tandem machine the 
auxiliary roller is of about the same size as the forward 
roller and is placed in front of it. In the three-wheel 
machine the auxiliary roller is of considerably smaller 
diameter than the main rollers and may be placed 
either between the front and rear axle or behind the 
rear axle. The auxiliary roller is adjustable as to 
height and is very effective in eliminating surface 
irregularities and in producing smoother pavements. 

Finishing equipment.—One of the important develop- 
ments in the construction of plant-mixed bituminous 
surfaces has been the introduction of mechanical equip- 
ment for spreading and leveling the mixture preparatory 
to rolling. These finishers are of three principal types: 
The first type is supported on side forms of wood or 
steel; the second provides its own forms, being sup- 
ported on long skids or runners that carry the machine 
over slight depressions and minimize the effect of 
these irregularities in the base; and the third is carried 
on rollers of moderate diameter. 

The bituminous mixture may be deposited on the road 
from a hopper that is a part of the finishing machine or it 
may be dumped from trucks and shoveled into place by 
hand. One type of hopper contains a horizontal shaft 
equipped with blades that agitate the mix, thus breaking 
up lumps and preventing segregation. The mix then 
flows through the bottom of the hopper and falls in front 
of the screeds that spread it to a uniform thickness. 

Finishing machines are almost always power driven 
and many of them have an attachment for heating the 
screed so that the mixture will not cool too much during 
the spreading process. Some machines have two or 
three screeds and in the latter case the middle screed is 
equipped with teeth that rake and loosen the mixture 
prior to the passage of the last screed. The selection 
of the type of finisher most suitable for the work 
depends somewhat on the character of the bituminous 
mixture but it is becoming common practice to specify 
the use of some type of mechanical finishing equipment, 
particularly for the higher types of pavement such as 
sheet asphalt and asphaltic concrete. 

LABORATORY RESEARCH AND FIELD INVESTIGATIONS 

The asphaltic road materials used in the United 
States are produced largely from petroleum that is ob- 
tained from a great number of sources and refined by a 
variety of processes. Petroleum from the different 

sources varies greatly in character and crude oil from 
the same source may yield asphaltic materials of widely 
different character, depending on the method of refining. 
The cracking processes, designed to increase the yield of 
gasoline, are used extensively and these produce asphaltic 
residues that are not always of satisfactory quality. 

THREE-WHEEL Roap ROLLER WitrH AUXILIARY ADJUSTABLE 
ROLLER. 

Karly in the period that has seen such a great increase 
in the consumption of liquid asphaltic materials, failures 
of the lower-cost and lower-type surfaces in which they 
are used aroused interest in their quality. This in- 
terest has been extended, with good reason, to asphalt 
cements that, in the previous period, had not been the 
object of serious suspicion. With respect to road tars 
a new problem has been introduced by the greatly in- 
creased production of heavy water-gas tars from heavy 
carbureting oils of what are known as the “residuum” 
type. These have largely replaced the light water-gas 
tars formerly produced. 

Experience has shown that one of the most important 
properties of a bituminous road material is its durability 
or resistance to weathering, and it is recognized that 
there are no existing specification requirements that 
insure this property. As a result a number of agencies 
have concerned themselves with research work de- 
signed to develop some test for predetermining the 
durability of bituminous materials. These studies 
have included the exposure of test samples to atmos- 
pheric weathering in the open and to the action of heat, 
light, water, and freezing temperatures in the laboratory 
and the attempt to correlate the results with the be- 
havior of roads in service. Several reports of work 
that has been done are listed in the bibliography (2). 

The dissatisfaction with asphaltic materials that have 
been injured in refining, either by overheating or by 
being subjected to cracking processes has resulted in the 
development of the Oliensis spot test (3) and the test 
for xylene equivalent (4). The Oliensis spot test is not 
claimed to be a test of quality. It is merely an arbi- 
trary measure of heterogeneity and serves to identify 
those materials that, through cracking or overheating, 
have been rendered sufficiently heterogeneous to react 
to the test. A number of State highway departments 
that have had trouble with cracked materials are using 
this test to exclude them. The xylene equivalent is a 
modification of the Oliensis test designed to give a 
quantitative measure of the degree of heterogeneity. 

The cracking of sheet asphalt and asphaltic concrete 
pavements is a problem that is engaging the attention 
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of a number of investigators. Studies have been and 
are being made of the characteristics of these paving 
mixtures at low temperatures, as disclosed by tests for 
toughness, shearing strength, compressive strength, 
tensile strength, and modulus of rupture and modulus 
of elasticity in flexure. Also the hardness and ductility 
of asphalts extracted from existing pavements are being 
correlated with the prevalence of cracking. Recent 
reports of investigations of this character are listed in 
the bibliography (4). 

Since hardening of the asphalt in a paving mixture 
has been found to reduce the resistance to cracking, 
considerable attention is being given to studies of the 
changes that take place in the asphalt during the opera- 
tions of mixing and placing (6). It has been found that 
both the time of mixing and the temperature of the 
materials have important effects on the hardening and 
decrease in ductility that occur and that different 
asphalts are affected to different degrees. Such inves- 
tigations, which involve the extraction and recovery of 
asphalt from paving mixtures, have been aided greatly 
by the recovery methods of Abson and Bussow (7). 

Numerous studies are being made of the resistance, in 
bituminous mixtures, of the stripping of the bituminous 
films from the mineral aggregate in the presence of 
water. In the field of base stabilization with bitumi- 
nous materials the studies of Winterkorn (8) in surface 
chemistry are being continued. 

Numerous field investigations, involving the con- 
struction and observation of experimental roads, are 
being conducted. Included in these are numerous 
investigations of the stabilization of base courses with 
bituminous materials. Also studies are being made of 
the use, in asphaltic concrete pavements, of softer 
asphalts than are generally considered suitable. A 
great deal of publicity has been given to the use, in the 
United States, of cotton fabric for the reinforcement of 
bituminous road surfaces. Several hundred miles of 
experimental roads have been built in which surface 
treatments, and similar types of light bituminous sur- 
facing, have been reinforced with coarsely woven cotton 
fabric. However, these experimental roads have not 
been in service long enough to demonstrate the merits 
of the reinforcement. 

SUMMARY 

1. Since the Congress of 1930 the use of bituminous 
road materials in the United States has increased greatly. 
This increased consumption is accounted for entirely 
by the increased use of liquid products in bituminous 
road surfaces of the low-cost type and in the construc- 
tion of bases for these surfaces. 

2. The low-cost types of bituminous surfaces are: 
Surface treatments, open-graded surfaces, and dense- 
graded surfaces. Great progress has been made in the 
development and improvement of these types. 

3. Liquid asphaltic products, tars, and emulsified 
asphalts are all used successfully in the low-cost types 
of surfaces. 

4. Many of the improvements that have been made 
are the direct result of the development of numerous 
new types of construction equipment. 

5. Important progress has been made in the design 
and construction, with soil type materials, of bitumi- 
nous stabilized base courses suitable for low-cost bitu- 
minous surfaces. To a great extent the use of bitu- 
minous products in stabilizing soil materials for base 

course construction is still in the experimental stage. 
However, emulsified asphalt has been used with notable 
success, as well as tar, slow-curing liquid asphalt, and 
cutback asphalt. 

6. The quality of bituminous road materials, par- 
ticularly with respect to their durability, is not assured 
by existing specifications. Information on this ques- 
tion is being sought in a number of different investiga- 
tions. 
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applies particularly to the mixing and distributing units 
which in their present form cannot handle concrete of 
much lower slump than 1 inch. This phase of the 
problem will unquestionably receive attention in the 
near future. 

Ouring.—For the curing of concrete pavements, 
cotton mattresses, composed of cotton “bats’’ covered 
with cotton cloth, have recently been employed to a 
considerable extent.’ This type of covering material, 
in addition to performing the usual function of a curing 
medium by protecting the surface against loss of mois- 
ture and supplying needed moisture to the surface, has 
the ability to insulate the concrete against extreme 
changes in temperature during the curing period. 
Field experiments are now being conducted in various 
parts of the United States for the purpose of deter- 
mining the practicability of this type of mattress or 
mat in the actual construction process. 

Additional equipment and construction methods.— 
There has been no marked recent change in the type of 
equipment used in handling and transporting materials 
from the proportioning plant to the mixer. Locomo- 
tive or caterpillar cranes are used in moving the mate- 
rials from freight cars to overhead proportioning bins. 
Trucks hauling from one to five batches, including 
cement, transport the materials to the mixer. Industrial 
narrow-gage railroads are now employed only where 
trucking is impracticable, such as over sandy subgrades. 
Dual-drum mixers have been developed, whereby the 

batches are mixed in one drum for about half of the 
mixing period and then transferred to the other for the 
remainder of the period. With this equipment it has 
been found possible to increase production about one- 
third over that of a single-drum mixer. Occasionally, 
where conditions are favorable, two mixers have been 
operated at the same location. In some States of the 
United States, the hauling of materials over the sub- 
grade ahead of the mixer and the operation of the mixer 
on the subgrade are not permitted, except where such 
procedure is unavoidable. 

Recently a power-driven longitudinal float has been 
developed, which is operated back of the finishing ma- 

7 PuBLic Roaps, Vol. 14, No. 5, July 1933; and Vol. 15, No. 9, November 1934. 

chine, taking the place of the hand-operated longitu- 
dinal float. It is claimed that a more nearly perfect 
crown and surface can be produced with it. 

Internal vibrators of the spud type have come into 
use for consolidating concrete around joints and ad- 
jacent to the forms. 

II. CEMENT-BOUND MACADAM 

After having fallen into disuse, the construction of 
cement-bound macadam has again returned to use 
mainly as a means of employing large numbers of other- 
wise unemployed men. 

In 1933 the Portland Cement Association undertook 
a laboratory and field investigation to determine the 
requirements for coarse aggregate and grout in this 
work, and to study construction methods. <A suitable 
test for fluidity of grout, the “flow cone” test, was 
developed, and the necessary properties of grout for 
various sizes of coarse aggregate were determined. 
Both gravel and crushed stone coarse aggregate were 
used successfully and depths up to 10.6 inches were 
effectively penetrated with grout, without resorting to 
any special method to facilitate the flow. Compaction 
of gravel coarse aggregate before grouting was found 
impracticable, and compaction of crushed stone re- 
duced the grout consumption. Satisfactory results 
were obtained with hand tamping. 

The tests showed that compaction after grouting, 
when properly timed, increased the strength of the slab 
by reducing voids left by escaping water. Heavy roll- 
ers, however, forced some of the coarse aggregate into 
the subgrade, which had been softened by water from 
the grout, and caused irregularities in the surface which 
were difficult to remove. Compaction by hand tamp- 
ing gave slightly lower strengths, but loss of material 
into the subgrade was eliminated. Compaction by 
vibration also gave good results, but the available equip- 
ment was not practical. 

Employing the information thus made available, 
appreciable quantities of cement-bound macadam have 
since been laid, largely as a measure of work relief for 
the unemployed. One development in the field has 
been the successful use of broken brick and concrete 
from old pavements as a part of the coarse aggregate. 
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III. CEMENT-HARDENED EARTH ROADS 

With the objective of developing a material suitable 
for low-cost, all-weather, secondary road surfaces, as 
well as methods of construction, rather extensive 
laboratory and field experimentation with soil-cement 
mixtures has been carried on during the last few years. 
As a general rule, this work has beeen done by the 
Portland Cement Association in cooperation with 
various States and the United States Bureau of Public 
Roads. 

While this type of construction is by no means out of 
the experimental stage, definite principles governing soil- 
cement mixtures have been established and experience 
has shown that laboratory work must precede the field 
work in order that any degree of success may be assured. 

Each field job has simplified the application of labora- 
tory results with attendant economies of construction. 
The surfaces constructed are capable of withstanding a 
considerable amount of traffic. The projects con- 
structed to date have gone through one winter without 
structural disintegration. 

(Continued from page 60) 

pavement slab was installed in the driveway entrance 
to the plant of a paving-brick ¢ company in Illinois. 
Brick were placed in a “basket weave’? manner with 
three brick constituting a unit. Reinforcement, con- 
sisting of *-inch round deformed bars was placed at 
8%-inch centers both ways, 1 inch from the bottom, 
and all joints were filled with 1: 2 cement mortar. Two 
weeks after the slab was completed an excavation was 
made under one side creating a clear span of 5 feet. It 
is estimated that during the past 6 years 25,000,000 
paving brick have been trucked over the pavement 
which shows no sign of distress over the excavation. 

Encouraged by ‘the success of this experiment, addi- 
tional test installations are now being planned in Ohio 
and Illinois. Instead of using standard paving brick 
in basket weave pattern, large vitrified units 3 by 8 
by 8-inches have been manufactured. They will be 
laid by hand in checkerboard pattern, properly spaced, 
and reinforcing rods will be placed in two directions in 
the cement-grouted joints. 

MUNICIPAL USE 

Vitrified brick are widely used as a paving material 
by municipalities in the United States. Kngineers 
generally regard it as a superior type of surface for 
streets carrying heavy and destructive traffic, and it is 
frequently used for all types of streets in districts close 
to brick plants. 
Many kinds of bases are used in cities but as in rural 

road practice, concrete is most popular over the entire 
country. Mixes vary but cities seldom use a mix 
richer than 1 part cement, 2% parts fine aggregate, and 
5 parts course aggregate while the leaner proportioning 
inown as the 1:3:6 mix is more widely used at 
present. A few cities use a 1:2:4 mix. Depths 
vary from 5 to as much as 10 inches, the popular aver- 
age being 6 inches. There seems to be little, other 
than individual preference, to account for the wide 
variation In practice. 

Beds or cushions used in municipal practice are also 

similar to those used on rural highways. However, in 
addition to the mastic beds, many cities are still sue- 
cessfully using plain sand. 

In municipal work a 3-inch depth brick is generally 
used and a wire cut surface is exposed to traffic to avoid 
slipperiness. The rather complete motorization of all 
services in American cities with the resulting elimina- 
tion of the horse has largely done away with the hillside 
brick although some are still used. 

The type filler in most general use in cities is a so- 
called hard asphalt with low penetration and a high 
melting point. Use of the softer asphalts has resulted 
in a substantial loss of the filler from the joints in hot 
weather and slipperiness caused by the adherence of 
the filler material to the wearing surface of the brick. 
Use of the hard asphalts does not entirely cure this 
trouble and materials of the experimental types pre- 
viously mentioned are being tried for city as well as 
rural use. 

In recent years many old brick pavements in cities 
have been relaid, either on the old bases or on new 
foundations, which results in appearance and service 
value approaching those obtainable with entirely new 
construction. As the removing and cleaning of the old 
brick before relaying is entirely a labor item, the cost 
varies with the wages paid. The cost of cleaning is also 
dependent upon the type of filler used in the original 
construction, varying between the extremes of plain 
sand and rich cement grout. In most of the old pave- 
ments the brick were laid on edge. When relaid they 
are frequently laid flat, according to present-day prac- 
tice, and there is a gain in surface area. This fact 
affects the percentage of salvage measured by the area 
covered by the relaid brick. In some cases this has 
actually resulted in a salvage greater than 100 percent 
and a surplus of brick which were used for additional 
paving. However, the average proportion of salvaged 
brick is about 80 percent. Owing to the increase in 
manufacturing costs since the brick pavements were 
originally constructed years ago, the relay value of the 
brick is in many cases materially greater than the 
original cost. 
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STATE, MOTOR-FUEL TAX RECEIPTS. 1937 
(Compiled for calendar year from reports of State authorities) 

Tax rate per gallon Fae Sa pat ene of Other receipts in connection with motor-fuel tax 

‘ Date of Net 

ai ee Distrib- | s Oe total 
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IDunisVOliES. = aS Ree RR ae oe eee ee ee 3 Oe | pe teeeee oe 38, 907 3, O71 80/800 4|eae ee eee, 428 PM ie eee ae 430 36, 266 
TICS YG DESTEEN >, eyes i, Sea ae ee ee ae 4 25 | ape 24, 699 1, 712 22, 987 (2) 509) Seen 1 510 23, 497 
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Ongyein S33 eae ee ee AE EEE Se 5 ae | eee ee 11, 161 1, 362 LAS SiN (ees ss SERS See TE Bee ee 2 2 9, 801 
ROTIG Vaya ae eee eee een ea 4 AM Bete See ee 55, 715 4 15) c5k7 (WA eee Oo ae Oe Pag El 4 5 9 55, 720 
Node SIAN G =e ae. ee ee eS ae 2 3) RApra 22 8, 322 232 3, 090 Ce ieee ae ee eS et Een ee 4 38, 094 
SOU A-(OEY go) barney 28 a Le eee eT ae 6 al? lesen os Ses 11, 160 259 10290 LS | sae 254] ae eee ee seen 234 11, 1385 
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Galea See ek ee et bn ee 4 4 ic Sa 5 0421s eee 3, 421 Ph ae Sees a ee oe Se 3 3, 424 
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AWey Ri eS, iso oe OES ae ee Weighted average rate 3.91 800, 140 43,210 | 756,930 260 4, 676 39 93 5, 068 761, 998 
cents 

1 Stars (*) indicate amounts less than $500. 
2 Fees for inspection of motor-vehicle fuel. Wherever possible fees for inspection of kerosene and other non-motor-vehicle fuels have been eliminated. 
3 Includes fees for motor-fuel carrier permits, refund or exemption permits, interest on deposits, and miscellaneous unclassified receipts. 
4 Receipts from tax on lubricating oil, $570,000, not included in this table. 
5 Special taxes of 3 cents per gallon in Hancock County and 2 cents per gallon in Harrison County are imposed for sea-wall protection. 

in 1987, are not included in this table. 
6 Tax was 5 cents Jan. 1to Feb. 28;4 cents Mar. 1 to 24; 5cents Mar. 25 to Dee. 31. 
7 Ohio imposes a 3-cent tax on motor-vehicle fuel and a 1-cent tax on all liquid fuels. 

oil, ete.) were $662,000. 

The receipts from these taxes, $151,000, 

The receipts from the 1-cent tax applicable to non-motor-vehicle fuels (kerosene, fuel 
These receipts have been eliminated from the total given, which represents a 4-cent tax on motor-vehicle fuel. 
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